.M414 

91 


WORKING  PAPER 
ALFRED  P.  SLOAN  SCHOOL  OF  MANAGEMENT 


A  Theory  of  Partial  Sales  and  Uuderpiicing 
in  Privatizations 

Fernando  Branco 
Antonio  S.  Mello 

Massachusetts  Institute  of  Technology 
WP  #  3282-91  -  EFA  April  1991 


MASSACHUSETTS 

INSTITUTE  OF  TECHNOLOGY 

50  MEMORIAL  DRIVE 

CAMBRIDGE,  MASSACHUSETTS  02139 


A  Theory  of  Partial  Sales  and  Uiiderpricing 
in  Privatizations 

Fernando  Branco 

Antonio  S.  Mello 

.\fassachusetis  Institute  of  Technology 
WP  #  3282  -  91  -  EFA  April  1991 


Please  address  all  correspondence  to  Professor  Antonio  S.  Mello,  Massachusetts 
Institute  of  Technology,  50  Memorial  Drive.  Cambridge  MA  02139,  USA. 


A  Theory  of  Partial  Sales  and  Underpricing 
in  Privatizations* 

Fernando  Branco 

Antonio  S.  Mello 

Massachusetts  Institute  of  Technology 

First  Version:  April  1990 
This  Version:  April  1991 


Abstract 

This  paper  develops  a  theory  of  gradual  sales  and  underpricing  of  shares  in  privatizations.  Gradual 
sales  and  underpricing  are  strategic  devices  used  by  policymakers  to  signal  commitment  when  the  capital 
markets  are  unsure  about  the  government's  type  and  attempt  to  infer  it  from  observed  performance. 
The  model  establishes  for  which  firms  the  use  of  underpricing  is  optimal.  Further,  in  the  context  of  a 
multiple  firm  model,  the  question  of  when  gradual  sales  can  be  abandoned  is  analyzed. 

1      Introduction 

Among  other  things,  the  Eighties  will  be  remembered  as  the  decade  of  privatization:  the  selling  of  state  assets 
is  taking  place  at  the  same  time  almost  everywhere.  Perhaps  surprisingly,  most  privatization  programs  seem 
to  display  important  similarities.  It  is.  for  instance,  true  that,  during  the  initial  stages  of  the  program, 
governments  frequently  use  partial  sales.  Although  a  number  of  reasons  has  been  offered,  ranging  from 
seller  inexperience  to  stock-market  liquidity  constraints,  none  of  these  provides  a  completely  satisfactory 
explanation.  .\lso,  it  hais  been  reported  that  the  underpricing  of  shares  in  privatizations  is  significantly 
and  consistently  larger  than  the  average  underpricing  occurring  in  the  private  sector  initial  public  offers. 
Jenkinson  and  Mayer  (1988),  measuring  discounts  of  issue  price  in  relation  to  offer  prices  at  the  end  of  the 
first  trading  day,  note  that  only  5  out  of  23  of  the  discounts  in  privatizations  in  France  and  the  U.K.  were 
in  single  figures,  which  are  consistent  with  the  underpricing  in  private  IPOs  for  the  two  countries.  This 
is  particularly  intriguing  because  state  owned  corporations  are  usually  vvell  known  to  the  public,  and  the 
government,  unlike  shareholders  of  private  corporations,  should  not  have  to  pay  the  underwriters  for  risks 
that  it  is  better  placed  to  assume.^ 

In  this  paper  we  investigate  why  gradual  sales  and  underpricing  of  shares  may  be  optimal  features  in  the 
design  of  privatization  plans.-  Our  explanation  relies  on  the  fact  that  governments,  unlike  any  other  seller  of 
an  asset,  can  interfere  with  the  activities  of  the  firm  after  privatization  and  change  the  ex-post  contractual 
rights  of  the  new  owners.'  If  investors  were  able  to  directly  identify  the  nature  of  the  government,  they  would 


*We  would  like  to  thcink  Drew  Fudenberg  and  Jean  Tirole  for  their  comments  and  suggestionts. 

'  Political  reasons  may  provide  satisfactory  explanations.  The  oversubscription,  due  to  underpricing,  is  often  presented  by 
the  governments  as  a  signal  of  the  success  of  the  privatization. 

■Interference  can  take  many  forms,  from  changes  in  the  environment  in  which  the  firm  operates  subsequent  to  privatization, 
to  tax  changes,  restrictions  on  sales  in  the  secondary  market  (eg.  foreign  takeovers)  and  even  renationalization.  The  attempt 
by  the  Japanese  government  to  breakdown  NTT  after  it  has  been  privatized  is  a  typical  example  of  discretionary  interference. 
Other  examples  are  either  the  decision  by  the  British  government  forcing  the  Kuwait  Investment  Office  to  reduce  its  stake  in  BP 
acquired  during  privatization,  or  the  overturn  by  the  socialist  administration  in  France  of  the  Chirac  government's  allocation 
of  shaires  in  privatized  firms  cimong  hard-core  groups  of  investors. 


pay  a  low  price  for  companies  sold  under  the  rule  of  a  policymaker  unable  to  make  a  commitment  of  no 
interference,  and  a  high  price  for  companies  sold  by  a  policymaker  capable  of  making  binding  commitments. 
In  reality,  however,  investors  are  not  able  to  discern  the  type  of  the  government;  instead,  they  try  to  infer  it 
from  observed  actions.  The  whole  issue  becomes  a  matter  of  credibility  since,  each  time  interference  is  not 
observed,  there  is  an  upward  revision  of  the  government's  reputation,  which  in  turn  is  reflected  in  higher 
prices  for  later  privatizations. 

In  a  world  with  incomplete  information,  uncommitted  governments  understand  investors'  learning  process 
and  decide  to  match  the  actions  that  would  be  chosen  by  the  committed  type,  as  long  as  higher  prices  in 
future  aisset  sales  can  compensate  for  the  loss  incurred  in  postponing  interference  with  any  corporation 
already  privatized."'  The  possibility  of  matching  by  the  uncommitted  affects  the  payoff  of  the  committed, 
for  the  pooled  price  is  less  than  the  price  received  by  the  latter  in  a  world  with  perfect  information.  The 
committed  policymaker  must  then  find  a  credible  way  of  signalling  his  true  type  to  the  capital  market.  He 
can  do  so  by  taking  advantage  of  the  uncommitted's  impatience  and  organizing  gradual  sales;  by  slowing 
the  process  he  hopes  to  induce  separation.  Indeed,  partial  sales  become  a  strategic  variable,  for  quicker 
sales  serve  the  best  interests  of  the  uncommitted,  in  that  the  incentives  to  interfere  increase  as  privatization 
approaches  completion. 

Partial  sales  have  been  extensively  advocated  in  the  financial  press,  in  our  opinion,  for  the  wrong  reasons. 
Often  government  officials  and  financial  experts  argue  for  gradual  sales  as  a  way  of  avoiding  the  disruption' 
of  the  stock-market.  They  fear  that  the  sale  of  big  corporations  at  one  go  might  cause  investors  to  suffer 
from  indigestion.  However,  such  fear  has  never  been  confirmed  by  events:  quite  the  contrary,  capital  markets 
seem  to  be  able  to  absorb  large  blocks  of  stock,  and  when  a  discount  is  perceived  oversubscription  appears 
to  be  the  rule.'* 

In  some  cases,  however,  a  simple  strategy  of  partial  sales  may  not  be  sufficient  to  make  the  uncommitted 
government  prefer  to  reveal  its  nature  and  deviate  from  the  committed 's  optimal  fraction  of  the  firm  to  be 
p  .atized.  Then,  underpricing,  in  addition  to  gradual  sales,  may  be  considered  as  a  useful  strategic  device 
b>  the  committed  type.  Rather  than  accepting  the  pooled  price  throughout  the  program,  the  committed 
type  decides  to  set  the  offer  for  sale  price  below  the  price  investors  are  willing  to  pay,  if  this  action  induces 
demarcation  from  the  uncommitted.  Sale  prices  set  below  market  prices,  at  the  beginning,  can  make  sense 
when  combined  with  perfect  information  prices  in  later  sales.  In  fact,  that  seems  to  be  the  case  when  the 
level  of  reputation  is  relatively  low  and  underpricing  is  not  a  signal  of  great  cost.  The  result  is  consistent 
with  the  finding  of  lower  discounts  for  later  privatizations,  as  reported  by  Jenkinson  and  Mayer  (1988).^ 

The  analysis  surrounding  strategic  underpricing  also  highlights  two  other  points.  First,  it  shows  that  the 
proper  measure  of  the  magnitude  of  the  discount  in  privatizations  is  the  fraction  of  the  firm  sold  times  the 
difference  between  the  market  and  the  offer  for  sale  price.  By  focusing  just  on  the  discount  price,  as  it  is 
frequently  the  case,^  it  is  possible  to  reach  incorrect  conclusions.  This  is  because  bigger  unit  discounts  can 
be  associated  with  smaller  fractions  sold  and  what  may  be  taken  to  be  a  grand  giveaway,  is  not  so  in  reality. 
Second,  if  underpricing  is  an  optimal  action,  committed  governments  choose  offers  for  sale  at  a  fixed  price 
instead  of  tender  offers,  because  sales  by  competitive  auction  are  usually  associated  with  lower  discounts, 
and  therefore  cannot  be  used  as  a  signalling  device. 

The  paper  is  organized  as  follows:  in  the  next  section  we  analyze  the  privatization  of  a  single  firm  in  a 
simple  model  to  highlight  the  main  ideas  of  this  research.  The  government,  knowing  that  investors  cannot 
discern  its  type  directly,  sets  the  share  of  the  firm  to  privatize  in  the  first  period.  If  this  is  different  from  one, 
there  will  be  a  later  sale  for  the  remaining  assets  of  the  firm.    Between  sales,  as  well  as  after  the  complete 


■'Losses  from  not  interfering  au'e  not  just  purely  financial  rents  lost.  In  general,  they  represent  desutility  associated  with  the 
choice  of  no  action. 

* .\lso,  gradual  sales  have  been  suggested  to  avoid  excessive  underpricing  (see  Vickers  and  Yarrow  (1988)).  The  argument 
here  is  that  an  auction  for  a  small  portion  of  the  capital  should  take  place  first,  as  a  way  of  resolving  the  disagreement  among 
investors  over  the  value  of  the  company.  However,  the  sole  purpose  of  selling  at  a  price  that  conveys  information  about  the 
market  valuation  of  the  firm  does  not  justify  gradual  sales,  e.xcept  if  the  demand  by  the  participants  in  the  auction  were 
insufficient. 

^See  Jenkinson  and  Mayer  (1988).  page  485. 

®See  Jenkinson  and  Mayer  (1988)  and  Vickers  and  Yarrow  (1988). 


privatization,  it  decides  whether  or  not  to  interfere.  In  section  3  a  plan  that  combines  gradual  sales  with 
underpricing  is  analyzed.  In  section  4  the  model  is  extended  to  the  case  of  multiple  firms  and  the  question 
of  when  gradual  sales  can  be  abandoned  is  studied.  Section  5  concludes  and  discusses  some  extensions.  All 
proofs  are  provided  in  an  appendix. 

2      The  Basic  Model  with  Partial  Sales 

In  this  section  we  introduce  the  basic  model  of  the  paper.'  There  is  one  state-owned  firm  which  the  gov- 
ernment has  decided  to  privatize.  The  government  has  one  of  two  types  (committed  or  uncommitted)  and 
knows  it.*  The  committed  policymaker  is  capable  of  making  the  commitment  of  no  interference  with  the  firm 
after  it  has  been  privatized.^  The  uncommitted  policymaker,  on  the  other  hand,  has  no  capacity  to  honor 
commitments  and  may  decide  to  interfere,  at  his  own  discretion,  once  the  firm  has  been  privatized.  Examples 
of  interferences  are  any  unanticipated  actions  by  the  sovereign  power  that  change  the  contractual  rights  of 
the  private  owners:  taxes,  breaking  down  of  a  privatized  monopoly,  restrictions  on  managerial  discretion  im- 
posed by  regulatory  bodies,  renationalization.  among  others.  Government  interference  will  have  a  negative 
effect  on  the  firm's  payoff,  increases  the  uncommitted  government's  payoff  by  a  fraction  of  the  firm's  payoff 
reduction  and  reduces  the  committed  government's  payoff  by  a  sufficiently  large  amount.  For  simplicity  we 
model  interference  as  a  rent  extracted  from  private  shareholders,  equal  to  a  share  r  (0  <  r  <  1)  of  the  firm's 
profits.  However,  only  a  fraction  ip  (0  <  o  <  1)  of  this  rent  is  payoff  to  the  uncommitted  government. 

The  firm's  profit,  when  state  owned,  is  constant  and  normalized  to  one  per  period.  If  the  firm  is  privatized 
profits  grow  at  a  constant  rate  g  {g  >  0).  .\  mixed  firm  has  profit  equal  to  the  weighted  average  of  the  public 
and  private  profits,  with  weights  equal  to  the  relative  ownership  fractions.^''  Future  payoffs  are  discounted 
at  rate  r  by  the  capital  market  and  at  a  rate  p  (p  >  r)  by  the  government.  The  higher  government's  rate  of 
time  preference  may  result  from  electoral  short-termism.  The  difference  in  discount  rates  between  the  private 
sector  and  the  government  implies  that,  even  under  complete  information,  the  firm  has  different  alues  for 
each  agent. 

There  is  a  large  number  of  risk-neutral  investors,  which  are  potential  buyers  of  the  firm's  assets.  We 
assume  that  capital  markets  are  competitive,  so  if  the  shares  are  sold  by  tender  the  price  will  be  bid  up  to 
their  market  value.  The  market  is  not  able  to  observe  the  government's  type  and  tries  to  infer  it  from  past 
actions,  using  Bayesian  updating. 

The  timing  of  the  game,  shown  in  figure  1.  is  as  follows:  at  date  zero  there  are  two  stages:  first,  nature 
draws  the  government's  type  which  is  immediately  learned  by  the  government;^^  second,  the  government 
announces  the  fraction  a  of  the  firm  to  be  privatized  at  date  I,  leaving  the  remainder  to  be  sold  at  date  2. 
At  date  1  there  are  also  two  stages:  first,  investors  competitively  bid  for  the  shares  of  the  firm,  which  are 
then  allocated,  at  the  bid  received,  S\:  second,  the  government  decides  whether  to  interfere  or  not.  At  date 
2  there  are  two  other  stages:  first,  investors  submit  their  competitive  bids  for  the  remaining  shares,  which 
are  allocated  at  the  submitted  price,  52;  second,  the  government  decides  whether  or  not  to  interfere.^-  After 
this  period  no  more  actions  can  be  taken,  but  the  firm  goes  on.  and.  if  interference  has  occurred  in  the  last 
stage,  it  is  assumed  to  remain  thereafter.'"' 

The  payoff  to  each  player  is  the  discounted  value  of  the  cash-flows  per  period,  which  include  the  firm's 
dividend  plus  eventual  transfers  due  to  interference.  The  payoffs  of  a  period  are  realized  at  the  end  of  the 


".■\  similar  model  was  first  explored  in  Branco  and  .\Iello  (1989),  a  paper  presented  at  the  .N'ew  University  of  Lisbon.  .-^  two 
period  variant  of  the  model  was  studied  in  Perotti  (1990).  with  whom  some  ideas  here  in  were  shared. 

*  Throughout  the  paper  we  will  use  the  letters  C  and  U  to  refer  to  the  committed  and  uncommitted  type,  respectively. 
'In  this  model  this  commitment  is  guaranteed  by  the  assumption  that  if  a  committed  government  interferes,  it  gets  a  very 
large  negative  payoff. 

'"^Our  results  do  not  qualitatively  depend  on  the  specific  assiunptions  about  the  firms'  profit,  in  particular  on  its  smooth 
dependence  on  the  ownership  structure  of  the  firm.  Such  assumptions  were  made  to  facilitate  the  analysis. 
"Let  po  be  the  probability  that  a  committed  type  is  drawn. 

'^Let  .\^  be  the  probability  that  interference  is  chosen  at  date  t  by  the  type  0  government  [9  £  {C.i']). 

'■'.\ctions  at  each  stage  are  contingent  on  prior  actions;  however  we  do  not  e.xplicitly  write  this  dependence.  .-^  generic  strategy 
profile,  which  we  denote  by  <7,  is  written  as  a  vector  ((or'-^.  .\^.  .\^  ),  (or''  ,  \^' .  Xk  ).  {S\ .  S2))  ■ 
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Figure  1:  The  timing  of  the  events 


period.    Let  t'*'((T)  and  U'{ct)  he  the  payoff  of  the  type  9  government  and  the  investors,  respectively,  with 
d  €  {C.U}.  From  the  above  discussion  it  should  be  clear  that  these  payolfs  are: 
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where  p^  =  po  and  pg   =  1  -  po. 

The  structure  of  the  payoffs  prevents  equilibrium  interferences  of  a  committed  government:  on  the  other 
hand,  an  uncommitted  government  may  postpone  interference  to  the  extent  that  this  may  lead  to  higher 
prices  in  later  sales;  of  course  in  the  last  stage,  since  no  future  actions  will  be  taken  by  investors,  it  decides 
to  interfere.  From  the  assumption  of  competitive  capital  markets,  the  price  paid  in  either  period  has  to  be 
equal  to  the  firm's  market  value.  Moreover,  these  arguments  do  not  depend  on  the  information  structure  of 
the  model  and  they  would  still  be  valid  were  the  investors  informed  about  the  government's  type. 

An  important  element  in  the  determination  of  the  equilibria  of  the  game  is  the  market  value  of  the  firm, 
V'((q,P().  This  is  influenced  by  three  factors.  First,  it  depends  on  the  current  probability  cissessments  of 
the  market  about  the  government's  type,  p,;  second,  it  depends  on  the  fraction  of  the  firm's  capital  that  is 
privatized  at  date  1,  a;  third,  it  depends  on  the  expectation  of  future  government  interference.  Let  A,'"  be 
the  expected  value  of  A,  at  the  beginning  of  period  to,  i.e.  A,'"  =  ^f  Pto  +  -^i'  (1  ~  Pro)- 

Consider  the  value  of  the  firm  at  date  2.  If  the  investors  assign  probability  po  to  the  committed  govern- 
ment, the  value  is 
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The  value  at  date  1  consists  of  the  payoff  in  the  first  period  and  the  discounted  expected  value  of  the  firm 
at  date  2. 
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From  equations  (4)  and  (5)  we  may  conclude  that  the  value  of  the  firm  increases  with  the  probability 
that  the  government  is  committed,  pt-  Because  the  committed  government  does  not  interfere,  if  the  market 
becomes  more  certain  that  the  government  is  committed  the  value  of  the  firm  increases. 

In  order  to  see  the  role  of  the  asymmetry  of  information,  Proposition  1  describes  the  equilibrium  if 
investors  were  fully  informed  of  the  government's  type.  Even  though  it  cannot  be  directly  transposed  to 
the  incomplete  information  case,  this  equilibrium  can  be  used  as  a  benchmark  to  evaluate  the  results  of  the 
model.  Also,  it  prescribes  the  optimal  actions  of  either  agent  once  the  investors  have  correctly  inferred  the 
government's  type. 

Proposition  1  When  investors  observe  the  government's  type,  the  unique  subgame  perfect  equihhrtum  re- 
quires the  government  to  fully  privatize  the  firm  at  date  1.  and  immediately  interfere  if  tt  is  uncommitted: 
investors,  then  pay  V''i(l,l)  to  a  committed  government  and  Vi(l,0)  to  an  uncommitted  government. 

The  equilibrium  of  the  complete  information  game  is  the  first  best,  because  the  firm  is  always  privatized 
in  the  first  date.  Also,  the  government  appropriates  all  the  benefits  from  immediate  privatization,  while 
investors  have  a  zero  net  payoff,  since  paying  for  what  they  get.  This  result  does  not  hold  in  the  incomplete 
information  case  for  the  uncommitted  government  would  like  to  claim  to  be  committed  in  order  to  sell  at  a 
high  price.  If  investors  cannot  observe  the  government's  type,  the  amounts  5i  and  St  paid  are  only  contingent 
on  the  government's  actions;  therefore,  investors  payoff  is  zero  in  expected  terms,  but  not  necessarily  in  both 
states  of  nature.  More  important,  the  firm  may  not  be  fully  privatized  in  the  first  date,  because  partial  sales 
allow  the  committed  government  to  signal  its  type  to  the  market. 

A  common  feature  of  imperfect  information  games  is  the  multiplicity  of  equilibria.  Here  we  provide  a 
partial  characterization  of  the  set  of  equilibria.  Moreover,  in  order  to  make  simple  predictions,  we  select 
among  equilibria  using  a  two  step  refinement.  The  refinement  combines  forward  induction  arguments  with 
the  backward  induction  process.  In  a  first  step  we  collapse  the  game  into  a  signaling  game  and  apply 
the  intuitive  criterion  (Cho  and  Kreps  (1987))  to  this  reduced  signahng  game.^'*  We  call  forward  induction 
equilibrium  to  a  pair  of  strategies  and  beliefs  surviving  this  refinement.  If  more  than  one  equilibrium  survives 
the  first  step,  we  select  the  outcomes  that  are  not  strictly  dominated,  among  the  equilibria  surviving  the  first 
step,  for  each  of  the  government's  type.  We  call  dominant  forward  induction  equilibrium  to  an  equilibrium 
that  survives  this  two-step  refinement. 

In  general,  considering  the  reduced  signahng  game,  our  model  may  have  three  types  of  equilibria.  First, 
there  are  separating  equilibria,  where  each  type  of  government  follows  a  different  action  at  date  0,  i.e.  they 
differ  in  their  choice  of  a;  hence,  in  equilibrium,  the  government's  initial  action  completely  reveals  its  type  to 
the  market.  Second,  there  are  pooling  equilibria,  where  both  types  follow  the  same  action  at  date  0.  so  that 
from  the  equilibrium  date  0  action  the  market  does  not  learn  anything  about  the  government's  type.  Third, 
there  are  semi-separating  equilibria,  where  for  the  equilibrium  choices  of  q  intermediate  levels  of  learning 


'*The  first  step  of  the  refinement  works  in  the  following  way.  Compute  the  equilibrium  continuation  actions  for  the  stages 
corresponding  to  the  sale  of  1  -  a  of  the  firm:  the  game  formed  by  the  remaining  stages  constitutes  a  signaling  game  (the 
government  chooses  the  fraction  or  and  the  market  responds),  referred  as  the  reduced  signaling  game;  for  each  terminal  node  in 
the  reduced  signaling  game.  let  the  payoff  be  equal  to  the  expected  payoff,  in  the  original  game,  when  that  node  is  reached  and 
the  equilibrium  continuation  actions  are  played  in  the  last  stages;  apply  the  intuitive  criterion  to  the  signaling  game.  In  our 
model,  this  corresponds  to  the  determination  of  forward  induction  equilibria  (Cho  ( 1987)),  a  refinement  of  sequential  equilibria. 

'^This  categorization  of  the  equilibria  is  based  only  on  the  share  of  the  firm  that  is  privatized  at  date  1.  For  example,  we 
ceiil  pooling  equilibrium  to  any  equilibrium  in  which  the  committed  and  the  uncommjtted  governments  follow  the  same  policy 
of  partial  sales,  even  though  the  imcomrmtted  government  may.  in  equilibrium,  want  to  signal  its  type  before  completing  the 
privatization,  through  interference. 


We  start  by  looking  at  separating  equilibria,  where  the  initial  choice  of  q  by  the  committed  govern- 
ment differs  from  the  choice  of  the  uncommitted  government:  a.  then,  reveals  the  government's  type  to 
the  investors.  Once  the  uncommitted  government  is  identified,  investors'  decisions  will  be  as  described  in 
Proposition  1:  in  that  case  the  best  strategy  for  the  uncommitted  government  is  to  follow  its  equilibrium 
strategy  in  Proposition  1.  in  particular  the  firm  is  fully  privatized  in  the  first  date.  However,  the  committed 
government  cannot  get  the  first  best,  because  it  must  prevent  the  uncommitted  government  from  mimicking 
its  choice  of  a.  so  it  must  adopt  a  policy  of  partial  sales.  Proposition  2  establishes  necessary  and  sufficient 
conditions  for  the  existence  of  separatmg  equilibria  and  proves  that  one  of  them  is  selected  by  our  two  step 
refinement. 

Proposition  2  A  separating  perfect  Bayestan  equilibrium,  with  the  committed  government  following  a  policy 
of  partial  sales,  exists  if  and  only  if 
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fn  this  case,  the  intuitive  criterion  predicts  that  the  committed  government  uses  partial  sales  while  the  un- 
committed government  fully  privatizes  the  firm  in  the  first  period. 

Proposition  2  says  that  the  committed  government  may  perfectly  signal  its  type  as  long  as  the  effect  of 
interference  on  the  firm's  profitability  is  not  too  large.  When  the  efi"ect  of  interference  is  sufficiently  large  and 
the  uncommitted  government  reveals  its  type,  through  a  different  choice  of  q.  the  uncommitted  government 
substantially  reduces  its  payoff:  since  this  is  not  optimeil.  it  follows  that  the  committed  government  cannot 
ensure  separation. 

The  second  part  of  Proposition  2  predicts  that  when  separating  equilibria  exist  the  committed  government 
will  follow  a  policy  of  pirtial  sales  to  signal  its  type.  The  reasoning  behind  this  result  is  the  following:  because 
the  payoff  function  c\.  the  government  is  increasing  in  a.  associated  to  each  equilibrium  we  can  determine 
the  lowest  level  of  q.  denoted  o^  .  that  would  leave  the  uncommitted  government  indifferent  between  the 
equilibrium  payoff  and  the  payoff  it  would  receive  if  deviating  and  taken  as  a  committed  government:  in  any 
equilibrium,  however,  the  uncommitted  government  payoff  must  not  be  lower  than  the  payoff  it  could  get  if 
it  had  decided  to  fully  privatize  the  firm  at  date  1;  therefore  the  lowest  5^  is  associated  with  the  separating 
equilibria.  The  payoff  of  the  uncommitted  government,  in  auiy  case,  is  equal  to  the  payoff  of  the  committed 
government  plus  the  sains  from  interference,  which  are  increasing  in  q:  hence,  in  order  to  achieve  separation, 
the  committed  government  ought  to  deviate  to  a  level  of  q  slightly  bellow  o^  .  Following  the  intuitive 
criterion,  investors  beliefs  when  observing  a  fraction  a  slightly  lower  than  o^  must  assign  probability  one  to 
the  possibility  that  the  government  is  committed.  Hence,  any  equilibrium  where  the  committed  government 
is  not  identified  does  not  satisfy  the  first  step  of  our  refinement:  the  only  equilibrium  is  a  separating  one 
where  the  uncommitted  government  is  indifferent  between  the  two  equilibrium  actions. 

Proposition  2  leaves  unanswered  the  question  of  which  equilibrium  is  selected  if  no  separating  equilibria 
exist.  .Vote  that  the  argument  used  in  the  proof  to  show  that  no  non-separating  equilibria  survives  our 
refinement  does  not  apply  when  a  separating  equilibrium  does  not  exist,  because  the  lower  value  o^  may 
not  be  positive.  In  this  case  a  non-separating  equilibrium  may  survive  the  intuitive  criterion.  Proposition  3 
characterizes  the  situations  in  which  semi-separating  equilibria  survive  the  first  step  of  our  refinement. 

Proposition  3   Suppose  there  is  no  separating  equilibria:  then  there  exist  semi-separating  equilibria  satisfying 
the  intuitive  criterion  if  and  only  if 
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Moreover,  in  a  semi-separaimg  dominant  forward  induction  equilibrium,  if  it  exists,  the  committed  govern- 
ment delays  the  privatization  to  date  2  while  the  uncommitted  government  randomizes  between  full  pnvati- 
zaiton  at  date  J  and  at  date  _'. 


Proposition  3  may  be  seen  as  a  natural  extension  of  Proposition  2.  If  r  is  sufficiently  high  to  prevent  the 
committed  government  from  perfectly  signal  its  type  to  the  market,  in  equilibrium  there  is  still  an  imperfect 
signal,  as  long  as  r  is  not  too  high.  Also  it  keeps  the  basic  properties  of  Proposition  2  in  the  sense  that, 
whenever  possible,  the  committed  government  wants  to  incur  the  cost  of  partial  sales  (or  even  delaying  the 
privatization). 

Propositions  2  and  3  do  not  cover  all  the  parameterizations  of  the  model.  In  the  remaining  cases,  the 
committed  government  cannot  e.xpect  to  signal  its  type  to  the  market,  because  only  pooling  equilibria  are 
reasonable. 

Proposition  4  Suppose  that  there  are  no  separating  equilibria:  then  there  exist  pooling  equilibria  satisfying 
the  intuitive  criterion.  Moreover  if 
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this  IS  the  only  type  of  equilibrium  that  survives  the  intuitive  criterion.  In  a  pooling  dominant  forward 
induction  equilibrium,  either  both  types  of  government  fully  privatize  the  firm  at  the  date  1.  or  both  follow 
the  same  policy  of  partial  sales. 

Proposition  4  states  that,  as  long  as  no  separating  equilibria  exist,  there  are  reasonable  equilibria  in  which 
both  types  of  government  choose  a  given  level  of  a  at  date  0.  This  level  may  or  may  not  involve  partial 
sales.  In  particular,  it  can  be  shown  that  if  r  is  sufficiently  high  the  equilibrium  requires  full  privatization 
of  the  firm  in  the  first  date:  on  the  other  hand,  if  r  is  not  so  high,  partial  sales  may  be  supported  in  a 
pooling  equilibrium.  This  is  the  case  when  an  increase  in  q  by  the  uncommitted  government  leaves  open  the 
possibility  for  the  committed  government  to  signal  its  type  to  the  market  by  following  a  sufficiently  tight 
policy  of  partial  sales  (choosing  a  very  small  a). 

If  the  inequalities  (7)  are  satisfied  there  may  be  two  forward  induction  equilibria,  a  semi-separating 
equilibrium  and  a  pooling  equilibrium.  The  following  proposition  formalizes  this  point. 

Proposition  5    There  exists  a  cutoff  level  r.  satisfying  (1)  such  that  for  all  r  satisfying  (7)  we  have 

\  if  r  <  T .  both  the  semi-separating  forward  induction  equilibrium  from  Proposition  .3  and  the  pooling 
forward  induction  equilibrium  from  Proposition  4  exist: 

ii   ifr>T.  only  the  pooling  forward  induction  equilibrium  from  Proposition  4  exists. 

Propositions  2-.5  completely  characterize  the  first  period  action  in  any  forward  induction  equilibrium  of 
the  model.  For  a  generic  parameterization  of  the  model,  if  we  allow  -  to  change  from  0  to  1.  there  will  be 
two  cutoff  values,  shown  in  figure  2.  r;  <  ro  such  that: 

1.  for  values  of  r  not  higher  than  t^  the  committed  government  perfectly  signals  its  type  through  partial 
sales  and  the  uncommitted  government  sells  the  firm  at  date  1; 

2.  for  values  of  t  satisfying  ri  <  r  <  ro,  there  are  two  plausible  equilibria:  in  one  the  committed 
government  postpones  privatization  of  the  firm  to  date  2  while  the  uncommitted  government  randomizes 
between  privatizing  the  firm  at  date  1  or  date  2:  in  the  other  both  types  announce  the  same  level  of 
sales  at  date  1  (which  may  or  may  not  require  partial  sales); 
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Figure  2:  Structure  of  equilibria  and  effect  of  interference 


3.  for  values  of  r  greater  than  r^  both  types  of  government  follow  the  same  action  at  date  1;  it  may  or 
may  not  include  partial  sales;  however,  if  it  requires  full  privatization  at  date  1  for  a  given  r,  it  also 
requires  it  for  higher  values  of  r. 

Before  outlining  the  characterization  of  the  equilibrium  continuation  actions,  it  is  of  interest  to  analyze 
some  particular  cases,  which  help  to  make  clear  some  of  the  implications  of  the  previous  propositions.  The 
first  studies  the  effect  of  the  discount  rates. 

Lemma  1   //  the  government's  discount  rate  equals  the  market  discount  rate,    r   =  p,    and  a  separating 
equilibrium  exists,  then  r  <  r. 

From  Lemma  1  it  is  clear  that  p.irtial  sales  ensuring  separation  would  hardly  occur  if  the  government  was 
as  patient  as  the  market.  With  higher  government  impatience  quicker  privatization  represents  an  important 
source  of  funds  to  be  used  at  the  discretion  of  politicians  in  power. 

Proposition  2  provides  a  bound  for  the  interference  parameter  of  firms  in  which  a  separating  equilibrium 
exists.  The  following  lemma  relates  that  bound  with  the  government's  discount  rate,  providing  a  simpler 
necessary  condition  for  the  existence  of  a  separating  equilibrium 

Lemma  2   For  firms  with  r  >  -r^  the  choice  of  a  cannot  perfectly  reveal  the  government's  type,  regardless 
of  the  values  ofr.g,  and  0. 

Lemma  2  states  that  there  may  be  state  owned  firms  for  which  perfect  revelation  of  the  government's 
type  through  partial  sales  is  not  possible.  The  set  of  firms  meeting  the  condition  in  the  lemma  is  larger  for 
less  patient  governments;  this  is  because  for  a  less  patient  government  the  current  payoff  is  highly  valued 
and  the  uncommitted  government  cannot  recover  from  a  sale  made  at  low  price. 

Another  interesting  case  is  the  privatization  of  firms  where  there  are  no  reasons  to  believe  that  private 
ownership  provides  efficiency  i^^ins,  i.e.  g  =  0.  In  that  case  either  type  of  government  is  interested  in 
privatizing  the  firm  insofar  as  ^  >  r.  Indeed,  if  both  discount  rates  were  equal,  there  would  be  no  economic 
reason  for  the  committed  government  to  privatize. 

Lemma  3    If  g  =  0,  existence  of  a  separating  equilibrium  requires  that 

r<       "-'       . 
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The  remainder  of  this  section  looks  at  how  the  parameters  of  the  economy  influence  the  optimal  actions 
of  the  uncommitted  government  through  time.  We  take  as  given  that  the  committed  government  chooses 
to  privatize  a  fraction  q'  of  the  firm  at  date  1.  The  uncommitted  government  then  has  to  decide  whether 
to  reveal  its  type.  Because  at  date  1  the  uncommitted  government  either  chooses  a  =  a'  or  a  =  1,  we  can 
summarize  its  optimal  action  with  the  probabilities  Aq  and  \\.  where  Aq  is  the  probability  that  it  decides  to 
fully  privatize  the  firm  at  date  I,  and  Ai  is.  as  before,  the  probability  that  it  interferes  after  having  privatized 
the  first  fraction  of  the  firm,  but  before  the  privatization  ends.  Proposition  6  describes  the  best  action  at 
date  1. 

Proposition  6    When  separation  does  not  occur  at  date  0  the  probability  of  separation  before  the  privatization 
IS  completed.  Aj.  is  increasing  in  a'  and  (t>.  decreasing  in  pi  and  g.  and  independent  of  r. 

The  most  interesting  results  of  the  lemma  are  those  related  to  the  effect  of  the  endogenous  parameters. 
The  effect  of  a  is  clear.  The  amount  of  the  reward  (revenue  from  interference)  is  increasing  in  «  while  the 
amount  of  the  punishment  (decrease  in  price  for  the  remaining  privatization)  is  decreasing  in  a.  Therefore 
an  increase  in  a  increases  the  incentive  for  deviation  soon  after  the  first  tranche  is  privatized. 

The  parameter  pj  is  the  level  of  reputation  that  the  government  has  at  the  beginning  of  the  second 
period,  after  the  first  sale  of  a.  The  amount  of  the  reward  is  independent  of  the  reputation  level  while  the 
amount  of  the  punishment  increases  with  the  initial  level  of  reputation.  Therefore,  an  increase  in  reputation 
decreases  the  incentive  for  separation.  Similar  results  can  be  extracted  for  the  probability  of  separation  at 
date  0. 


Proposition  7  The  probability  that  the  uncommitted  government  separates  at  date  0,  at  the  announcement 
of  the  first  sale,  Xq,  >s  decreasing  in  a.  po  and  t  and  increasing  in  g  and  0. 

The  greater  the  optimal  share  of  the  firm  privatized  at  time  1  by  a  committed  government,  the  greater 
the  incentive  for  the  uncommitted  to  match  this  choice  and  get  the  pooled  price  —  for  a  greater  fraction  of 
the  firm  —  instead  of  the  low  price.  But  after  the  first  sale  is  over,  the  greater  the  share  of  the  firm  already 
sold,  the  greater  the  cash-flows  from  interference  and  the  smaller  the  losses  associated  with  a  low  sale  price 
for  the  remaining  portion  not  yet  privatized,  1  —  a'.  This  explains  why  Aq  Is  inversely  related  to  q'  while 
Ai  is  proportional  to  a'.  Regardless  of  the  stage  of  the  privatization,  the  higher  the  level  of  government 
credibility,  the  lower  the  motivation  for  the  uncommitted  government  to  reveal  its  nature.  Revelation  implies 
price  cuts  for  future  sales  that  are  proportional  in  size  to  the  lost  reputation.  Also,  since  the  choice  for  the 
uncommitted  is  between  a  =  a'  and  q  =  1  the  greater  the  g  the  greater  the  incentive  to  set  a  =  1  and 
benefiting  from  the  efficiency  gains. 

It  is  worth  noting  that  Aq  decreases  with  r,  while  A;  seems  independent  of  t.  .\t  the  time  of  the  first  sale, 
the  larger  the  eff"ects  expected  from  government  interference,  the  better  it  is  for  the  uncommitted  government 
to  conceal  its  identity  and  match  the  committed's  choice  of  a  to  get  the  pooled  price.  Consequently, 
separation  will  be  quicker  in  privatizations  of  firms  where  r  is  low.  since  in  these  cases  the  cost  associated 
with  revealing  the  true  type  must  be  lower.  The  results  for  0  are  somewhat  obvious.  This  parameter  may 
be  interpreted  as  the  share  of  the  rents  extracted  from  the  private  sector  from  government  interference  that 
are  not  dissipated  in  the  collection  process.  The  more  efficient  is  this  collection,  the  more  rewarding  is  the 
interference,  and  the  greater  must  be  the  incentives  for  the  uncommitted  government  to  do  so. 

3      Underpricing  of  Shares 

One  of  the  most  controversial  aspects  of  privatization  programs  is  tl. ,  appreciable  underpricing  of  the  shares 
of  the  companies  offered  for  sale.  Several  authors,  i.e.  Jenkinson  and  Mayer  (1988)  and  Vickers  and  Yarrow 
(1988),  report  substantial  premiums  both  in  the  U.K.  and  France  when  trade  opens  in  the  shares  of  the 
newly  privatized  firms.  Discounts  seem  to  be  frequent  and  common  throughout  the  world.  Indeed,  as  Sir 
Alan  Walters  remarks,  it  seems  that  no  privatization  can  escape  the  accusation  of  giveaways,'^  perhaps 
with  justification  for  the  discounts  in  many  privatizations  are  significantly  higher  in  relation  to  the  degree 
of  underpricing  typical  on  IPOs  in  private  issues. ''  The  evidence  is  counter  intuitive,  because  one  would 
expect  lower  discounts  in  the  sale  of  well  known  public  companies,  after  expensive  marketing  campaigns,^* 
by  a  seller  better  positioned  to  bear  the  underwriting  risks. 

The  discount  of  share  issues  in  privatizations  is  related  with  the  method  chosen  for  the  sale.  Although 
the  government  can  arrange  for  the  sale  to  be  done  by  tender  at  a  much  more  accurate  pricing,  in  most 
instances  the  preference  is  for  offers  for  sale  at  a  fixed  and  preannounced  price.  Why  the  apparent  refusal  by 
the  government  in  letting  the  market  set  the  prices,  or  in  choosing  to  follow  common  capital  market  practice, 
as  in  the  case  of  France  where  the  large  majority  of  IPOs  on  the  official  listing  are  tender  offers? 

In  this  section,  a  model  is  presented  that  explains  significant  discounts  in  privatizations  as  well  as  why 
the  government  decides  to  make  off'ers  for  sale.  The  view  taken  here  is  consistent  with  an  action  of  deliberate 
underpricing  taken  for  strategic  purposes.  In  a  world  of  imperfect  information,  where  investors  are  unable 
to  observe  directly  whether  or  not  the  government  is  committed  to  a  policy  of  no  ei-post  interference, 
underpricing  of  shares  may  be  used  to  convey  information  about  the  government's  commitment,  in  addition 
to  a  policy  of  gradual  sales. '^    Indeed,  cases  are  in  which  partial  sales  alone,  when  completed  at  market 

^^See  "Privatisation  in  Britain;  Comment"   in  PrivaUsation  and  State-Owned-Enterpnses. 

'"For  instance,  Vickers  and  Yarrow  (1988)  compute  a  weighted  average  of  the  price  changes  in  privatizations  of  18.4%  of 
gross  proceeds.  Jenkinson  and  Mayer  (1987)  find  that  the  average  degree  of  underpricing  of  larger  issues  in  the  private  sector 
is  around  5%  . 

'*.\part  from  the  fact  that  young  private  firms  are  often  cash  constraint  at  the  time  of  the  IPO,  in  many  countries  there  is  a 
ban  on  pubUcity  about  the  company  and  its  business  imposed  by  the  regulatory  agencies. 

'^The  reader  may  note  that  underpricing  affects  both  types  of  government  in  the  same  way,  corresponding  to  burned  money. 
Therefore,  underpricing  alone  would  never  be  a  useful  device  to  ensure  separation. 


prices,  do  not  guarantee  separation;  separation  may  only  be  achieved  when  the  weak  signal  provided  by 
partial  sales  is  combined  with  a  second  control  variable,  the  issue  price.  In  order  to  be  able  to  use  the  price 
strategically,  the  government  has  to  abandon  the  possibility  of  organizing  an  auction  and  decides  instead  to 
make  an  offer  for  sale  at  a  fixed  price. "° 

The  model  herein  belongs  to  the  class  of  signalling  models  that  have  recently  appeared  in  the  literature 
explaining  pricing  of  unseasoned  new  issues  of  common  stock.  In  the  works  of  Allen  and  Faulhaber  (1989), 
Grinblatt  and  Hwang  (1989)  and  Welsh  (1989),  when  the  issuer  has  superior  information  about  the  firm's 
prospects  than  outside  investors,  underpricing  may  be  used  in  equilibrium  as  a  signal  of  firm  quality.-'  Also, 
in  these  models  there  is  an  exogenous  timing  for  the  information  to  be  revealed  about  the  quality  of  the 
issuing  firm.  Never,  in  our  setting,  investors  have  an  opportunity  to  observe  directly  the  nature  of  the 
government.  It  should  be  noted,  h  swever,  that  our  hypothesis  for  the  underpricing  does  not  contradict  any 
of  the  above,  nor  the  winner's  curse  explanation  offered  in  Rock  (1986)  and  Beatty  and  Ritter  (1986).  In  a 
few  cases  it  is  even  possible  that  the  effects  might  interact  to  increase  the  degree  of  underpricing. 

Let  us  introduce  a  few  necessary  modifications  in  the  model  described  in  Section  2  to  analyze  pricing 
decisions.  The  timing  and  information  structure  of  the  game  remain  basically  the  same.  However,  at  date 
0.  when  the  government  announces  the  share  a  of  tlie  firm  to  be  privatized,  it  also  decides  whether  to  sell  at 
a  preannounced  price,  5,  or  to  organize  a  sale  by  tender;  if  the  government  decides  to  fix  the  sale  price,  the 
subsequent  response  by  the  capital  market  will  be  either  to  accept  (the  share  q  of  the  firm  is  sold  at  unit 
price  5)  or  to  reject  (the  firm  remains  state  owned  and  is  fully  privatized  at  date  2);  except  for  this  action 
the  game  is  similar  to  that  described  in  the  previous  section. 

We  assume  that  an  external  constraint,  of  the  form 

^''"■P'-^  <  i<  ,  (9) 

Vi(a.p)       -  ^  '  ^   ' 

limits  the  level  of  underpricing  that  the  ^  vernment  may  decide.  This  type  of  constraint  may  be  motivated 
by  the  budget  constraint  of  the  government,  or  by  laws  requiring  that  measures  that  change  the  government 
position  relatively  to  past  rights  and  liabilities  cannot  have  a  current  negative  impact  on  the  budget. -- 

Since  partial  sales  may  be  selectively  used  in  conjunction  witii  the  price  to  signal  commitment,  in  equi- 
librium the  share  of  the  firm,  a,  and  the  offer  for  sale  price,  5,  must  be  determined  simultaneously.  Below, 
it  is  shown  that: 

a  when  partial  sales  can  guarantee  separation,  if  mispricings  may  result,  it  is  never  optimal  to  sell  at  a 
fixed  price  and  tenders  should  be  arranged; 

b  the  underpricing  is  directly  related  to  the  fraction  of  the  firm  sold. 

This  last  point  is  crucial  for  the  correct  evaluation  of  the  wealth  transfers  resulting  from  deliberate 
discounting.  The  true  measure  of  the  underpricing  is  not  obtained  from  relative  discount  (difference  between 
the  market  price  and  the  offer  for  sale  price  per  share),  but  from  absolute  discount  (relative  discount  times 
the  fraction  of  the  firm  that  is  privatized). 

By  using  both  the  share  of  the  firm  and  the  price  to  induce  separation  the  government  can  obtain 
new  results,  not  possible  when  a  is  the  unique  choice  variable.  The  additional  outcomes  must,  though,  be 
associated  with  setting  the  sale  price  below  the  market  price,  for  if  the  sale  was  offered  above  the  market 
price,  the  outcome  would  be  equivalent  to  that  of  choosing  to  fully  privatize  the  firm  at  date  2,  a  result  also 
possible  when  a  is  the  only  variable  of  choice. 


^"To  the  extent  that  underpricing  lecids  to  expected  oversubscription  and  subsequent  rationing  of  shares  our  explanation  is 
consistent  with  the  frequently  used  argument  that  privatizations  promoting  wider  share  ownership  make  it  more  difficult  for 
future  interference  of  partictilar  type  by  the  government,  i.e.  renationalization. 

^'Of  these  models,  that  of  Allen  and  Faulhaber  (1989)  also  includes  learning  from  investors. 

^^ There  is  a  problem  of  er-an(e  observability  of  V'i(a,p).  The  constraint  should  be  interpreted  as  a  reduced  form  constraint, 
induced  by  some  primitive  rule. 
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In  this  section  we  restrict  our  attention  to  the  existence  of  separating  forward  induction  equilibria,  still 
focusing  on  the  reduced  signaling  game.  In  this  setting,  the  pairs  (a,S)  that  guarantee  separation  and 
survive  the  intuitive  criterion  satisfy  the  equality 

t/^((a,5,0,0),(l,l,l),(5i,52))  =6'^''((a.5,0,0),(a,5,A^,l),(5i,52))  ,  (10) 

where  [/^((a,  5,  0,  0),  (a,  5,  Af,  1),  (5i ,  S^))  is  the  payoff  of  the  uncommitted  government  if  it  decides  to 
match  the  committed  choice  and  sell  a  shares  in  the  first  date  at  a  price  5,  given  that  it  interferes  before 
completing  the  privatization  with  probability  X'^  .  Expression  (10)  implies  that  the  uncommitted  government 
is  indifferent  between  immediate  separation  and  matching  the  choice  (a.  5)  by  the  committed  government, 
at  date  0. 

The  first  result  of  this  section  gives  us  conditions  for  the  existence  of  separating  equilibria. 

Proposition  8  //  under-pricing  of  shares  is  allowed,  il'  >  r  is  a  sufficient  condition  for  the  existence  of  a 
separating  equilibrium. 

In  what  follows  we  will  assume  that  the  sufficient  condition  in  Proposition  8  is  satisfied,  and  will  concen- 
trate on  the  identifying  when  is  underpricing  used  in  equilibrium. 

How  is  5  related  to  q?  To  answer  that,  we  first  determine  how  much  of  the  firm  should  be  privatized  if 
underpricing  is  used.  Given  that  the  actual  discount  is  increasing  in  a  it  is  not  immediate  to  identify  which 
effect  dominates.  From  expression  (10)  above  and  because  the  right  hand  side  is  equal  to  the  committed 
government's  payoff  plus  the  proceeds  from  interference,  which  are  increasing  in  q.  it  follows  that  the  share 
of  the  firm  to  be  privatized  at  date  1  by  the  committed  government,  when  underpricing  is  deliberate,  should 
be  the  smallest  possible  that  still  allows  the  committed  government  to  meet  its  objectives.-"^ 

In  order  to  analyze  under  what  conditions  underpricing  should  be  used  as  a  signaling  device,  it  is  im- 
portant to  identify  what  price  should  the  government  ask  hen.  by  following  a  policy  of  partial  sales,  it  is 
possible  to  guarantee  full  separation.  The  following  proposition  states  what  is  the  degree  of  underpricing 
when  such  circumstances  apply. 

Proposition  9  If  full  separation  through  partial  sales  is  possible,  in  equilibrium  underpriced  shares  are  not 
offered  for  sale. 

If  partial  sales  alone  allow  a  separating  equilibrium  the  uncommitted  government  must  be  indifferent 
between  deviating  by  choosing  to  fully  privatize  the  firm  and  matching  the  committed  government's  choice 
a  =  a'.  If  the  committed  government  decides  to  sell  a  share  d  bigger  than  a',  it  will  have  to  announce 
an  offer  for  sale  price  below  the  market  price,  S{a)  <  \\(a,  1).  Proposition  9  states  that  this  strategy  is 
dominated  and  the  costly  signal  with  underpricing  cannot  improve  the  payoff  of  the  committed  government. 
Consequently,  gradual  sales  should  be  organized  at  market  prices.  This  can  best  be  achieved  by  offers  for 
sale  by  tender.  Proposition  9  formalizes  the  argument  previously  made  by  others,  that  where  tenders  can  be 
arranged  they  will  reduce  mispricings,  and  that  these  are  best  avoided  by  the  sale  of  the  assets  by  stages.-'' 

What  Proposition  9  fails  to  give  is  an  indication  of  the  optimal  strategy  when  gradual  sales  at  market 
prices  are  not  sufficient  to  guarantee  separation.  In  that  case  underpricing  may  be  an  optimal  signalling 
device. 

Proposition  10  If  full  separation  is  not  possible  iihen  the  committed  government  chooses  the  quantity  a' 
to  be  privatized,  the  use  of  the  price  as  a  strategic  variable  helps  in  achieving  separation.  Moreover,  in 
equilibrium,  partial  sales  will  be  used  by  the  committed  government. 


'  In  this  model  the  lowest  bound  for  a  is  then  induced  by  the  constraints  on  discounts.  However,  imperfections  not  considered 
in  our  model,  such  as  economies  of  scale  in  advertising  and  flotation  costs,  may  impose  a  lower  bound  on  the  share  sold,  and 
help  to  explain  why  underpricing  is  often  associated  with  non  negligible  fractions  of  the  firms  being  privatized. 

^'See  Jenkinson  and  Ntaver  (1988).  page  493  and  Vickers  and  Yarrow  (1988).  page  184. 


II 


The  conditions  needed  for  underpricing  to  be  seen  in  equilibrium,  presented  in  Proposition  10,  imply  that 
there  are  cases  where  offers  for  sale  at  a  fixed  price  dominate  the  tender  option.  Only  by  means  of  an  offer 
for  sale  the  government  can  use  the  price  as  a  signalling  device,  clearly  impossible  when  market  forces  cire 
used  in  the  setting  of  prices.  Furthermore,  if  the  government  decides  to  use  the  price,  mispricings  should 
necessarily  be  the  result."^ 


0.50 


0.40 


^    0.30- 

c 

3 
O 
o 

0.20- 


0.10 


0,00 


Separating  EquiliDrium  witfi 
partial  sales  does  not  exist 


"  Separating  EquiliDrium  witn 
partial  sales  exists 


0.2 


0.4  0.6 

Ipha 


0.8 


Figure  3:  Underpricing  per  Share 

The  signalling  schedule  for  the  offering  prices  is  shown  in  Figure  .'J.  Each  of  the  lines  corresponds  to  a 
signalling  schedule  for  fixed  values  of  the  parameters  g,  <p,  r .  p  and  r.  The  graph  suggests  cases  where  the 
underpricing  per  share,  1  —  5/V'i,  is  increasing  in  a.  and  cases  where  this  underpricing  is  decrejising  in  a. 
The  ciscending  schedules  correspond  to  the  cases  where  a  separatmg  equilibrium  exists  without  underpricing. 
They  are  reported  to  account  for  these  situations  whereby  market  frictions  and  institutional  costs  would 
force  the  sale  of  a  fraction  greater  than  the  a  that  would  give  separation.  An  increase  in  the  proportion  a 
announced  must  come  at  a  cost  of  larger  discounts  since  a  larger  q  gives  the  uncommitted  government  a 
greater  incentive  to  match  the  committed  government's  action. 

In  other  instances  the  uncommitted  government  is  significantly  better  off  if  it  follows  the  a  chosen  by  the 
committed,  even  if  the  sale  is  done  at  a  (moderate)  discount.  A  separating  equilibrium  is  always  possible  for 
a  large  proportion  q  sold  at  a  price  sufficiently  close  to  the  full  information  low.  A  small  decrease  in  a  breaks 
this  separating  equilibrium,  since  the  uncommitted  government  can  do  better  by  matching  the  committed's 
actions  and  getting  a  high  price  at  date  2  for  a  larger  remainder  of  the  firm.  To  induce  uncommitted's 
disclosure  and  ensure  a  separating  equilibrium  with  a  smaller  a,  the  discount  must,  as  a  result,  be  increased. 
Consequently,  the  signalling  schedules  are  decreasing  in  q  when  the  payoff  of  the  uncommitted  government 
is  significantly  greater  under  a  pooling  than  in  a  separating  equilibrium  with  gradual  sales  alone. 

The  fact  that  the  signalling  schedule  can  be  increasing  as  well  as  decrecising  in  the  proportion  of  the  firm 
sold  has  an  immediate  implication  on  the  way  of  measuring  underpricing.  Often,  in  the  literature,  discounts 
are  reported  on  a  per  unit  share  price  basis.  This  way  of  measuring  underpricing  is,  however,  inaccurate  since 
it  leaves  out  of  the  picture  the  proportion  of  the  issue  sold  at  the  reduced  price.  Figure  4,  graphing  the  degree 
of  underpricing  as  the  product  of  the  fraction  q  times  the  unit  price  discount  1  —  S/Vi ,  shows  that  the  largest 


It  is  important  to  distinguish  between  true  underpricing,  the  difference  between  market  price  and  the  offer  for  saie  price, 
and  the  bias  occurring  from  oversubscription  once  the  marivet  associates  fi.xing  the  price  with  underpricing. 
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Figure  4:  Underpricing  as  a  function  of  a 

discount  per  share  observed  in  Figure  3  does  not  correspond  to  the  largest  degree  of  underpricing  offered. 
A  closer  look  reveals  that  for  the  descending  (ascending)  signalling  schedule  the  degree  of  underpricing  is 
inversely  (directly)  related  to  the  discount  offere'^  on  the  unit  price.  When  measured  correctly,  it  can  be 
seen  from  Figure  4  that  the  underpricing  is  directly  related  to  the  fraction  of  the  firm  sold. 

4     The  Multiple  Firm  Case 

In  the  last  two  sections,  we  e.xamined  the  privatization  of  a  single  firm.  There,  we  were  able  to  show  that  a 
policy  of  gradual  sales  and  deliberate  underpricing  of  shares  can  be  the  result  of  rational  actions.  We  now 
turn  to  the  characterization  of  the  optimal  behavior  when  there  is  a  finite  number  of  firms  to  be  privatized. 
The  objective  is  to  analyze  whether  there  exists  a  time  period  t.  after  which  the  committed  government  can 
abandon  gradual  sales.  At  that  point,  capital  markets  are  perfectly  able  to  discern  the  government's  type 
and  any  firm  still  to  be  privatized  at  t,  will  then  be  sold  in  a  single  round.-® 

The  assumed  uncertainty  in  this  more  general  setting  of  multiple  firms  is  of  great  importance.  We 
consider  two  plausible  and  somewhat  opposite  cases.  In  the  first,  nature  is  assumed  to  independently  draw 
the  type  of  the  government  at  the  beginning  of  the  privatization  of  each  firm.  This  would  correspond  to  the 
case  of  a  volatile  policymaker  with  a  time  and/or  firm  varying  type,  perhaps  because  he  is  likely  to  interfere 
with  some  firms  and  in  particular  periods  and  not  to  interfere  in  other  instances.  When  the  government 
is  sometimes  committed  and  other  times  uncommitted,  the  private  sector  does  not  learn  the  government's 
type  from  actions  taken  in  past  privatizations.  That  is.  investors  are  able  to  learn  during  each  privatization, 
but  unable  to  use  effectively  this  knowledge  between  the  privatization  of  different  companies.  In  this  sense 
the  multiple  firm  multiple  period  case  is  a  just  a  repeated  version  of  the  single  firm  model  examined  in  the 
previous  sections. 

In  the  second  case,  a  committed  government  will  stay  committed  throughout  the  program,  and  so  for 
an  uncommitted.  Investors  try  to  infer  the  type  of  the  government  from  observed  actions  during  the  whole 
period  of  the  privatization  program,  as  long  as  the  government  stays  in  power.    As  privatization  moves 


^*We  do  not  focus  on  underpricing  in  this  more  general  framework,  because  the  basic  question  can  be  addressed  within  the 
simpler  framework  used  before. 
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along  and  interference  is  not  observed  there  is  an  upward  revision  of  the  government's  reputation,  which  is 
reflected  in  higher  prices  for  the  firms  still  to  privatize.  The  revelation  by  the  uncommitted  is,  in  this  case, 
an  absorption  state:  once  investors  notice  one  deviation,  any  remaining  uncertainty  about  the  government's 
type  is  immediately  and  definitively  resolved;  investors  have  a  long  memory  and  do  not  forgive.  Because 
of  that,  this  second  case  is  relatively  more  disadvantageous  for  the  uncommitted  government  than  the  first 
case,  and  one  should  expect  this  to  be  reflected  in  a  greater  propensity  to  match  the  committed's  choices. 

The  two  cases  here  considered  may  be  seen  as  polar  cases  of  a  general  model  where  the  type  of  the 
government  would  correlatedly  change  from  firm  to  firm.  The  analysis  of  the  extreme  cases  is,  however,  rich 
in  the  wide  range  of  the  equilibrium  behaviors  allowed  to  the  government. 

The  model  retains  the  basic  features  described  in  Section  2,  but  now  the  number  of  firms  is  N ,  and 
the  number  of  periods  is  2N .  All  the  firms  are  assurr^d  to  be  equal,-'  so  we  may  refer  to  a  representative 
firm.-*  The  sequence  for  the  entire  privatization  program  assumes  that  the  next  firm  is  privatized  only  after 
the  government  has  finished  to  privatize  the  previous  one,  i.e.  following  the  sequence  q,,  1  —  a,, q,_i,  1  — 
Q,_i , . . . ,  oi ,  1  —  ft] ,  being  the  last  firm  to  be  privatized  indexed  by  1.-^ 

Given  the  assumptions,  when  the  type  of  the  government  independently  changes  between  firms  the  model 
becomes  the  repeated  version  of  that  in  Section  2.  The  results  in  that  section  can,  therefore,  be  extended  to 
the  dynamic  framework. 

Proposition  11  [f  the  government's  type  independently  changes  across  firms,  partial  sales  may  either  be 
seen  at  any  moment  during  the  privatization  program,  or  never  be  implemented. 

This  result  follows  immediately  from  the  intuition  developed  in  Section  2  given  that,  in  this  case,  the 
multiple  period  multiple  firm  problem  is  a  sequence  of  single  and  sequentially  unrelated  privatizations. 
Because  we  assume  identical  firnis,  the  equilibrium  in  the  multiple  firm  model  corresponds  to  the  repetition 
of  the  equilibrium  for  the  privatization  of  the  representative  firm. 

The  situation,  however,  differs  when  the  type  of  the  gover'  .nent  is  the  same  throughout  the  privatization 
program,  cis  the  following  set  of  propositions  clearly  indicate.  '^  The  first  one  states  sufficient  conditions  for 
immediate  separation,  resulting  in  partial  sales  being  abandoned  right  after  the  first  firm  is  privatized; 

Proposition  12  Suppose  that  a  separating  eguilibnum  exists  for  the  privatization  of  the  representative  firm. 
Then,  m  the  multiple  firm  model  only  the  first  firm  to  be  privatized  has  partial  sales,  and  immediate  separation 
results.  Moreover,  the  share  a  of  the  first  firm  is  exactly  that  giving  separation  if  this  was  the  only  firm  to 
be  privatized. 

This  is  a  powerful  result.  If  a  separating  equilibrium  exists  for  one  of  the  firms,  then  no  matter  how 
many  firms  the  government  privatizes,  the  separating  equilibrium  in  the  multiple  firm  privatization  requires 
partial  sales  only  for  the  first  firm  in  the  sequence.  All  remaining  firms  can  be  sold  under  a  first  best  policy. 

The  results  derived  in  previous  sections  and  t  he  proof  of  Proposition  12  lead  to  the  case  of  a  more  general 
result  for  the  privatization  of  multiple  firms.  In  Section  2  we  saw  that,  if  the  values  of  the  parameters  are 
such  that  separating  equilibria  do  not  exist,  there  will  exist  semi-separating  and  pooling  equilibria,  some  of 
them  requiring  partial  sales.  Indeed,  this  result  can  be  generalized  to  the  multifirm  framework.  It  is  possible 
to  have  equilibrium  strategies,  in  this  general  setting,  where  the  committed  government  follows  a  policy  of 
partial  sales  while  separation  is  not  obtained,  and  the  uncommitted  government  either  pools  or  randomly 
chooses  between  the  policy  of  partial  sales  and  full  privatization.'^' 

^'  Different  firms  complicate  the  model  without  necessity.  Preliminan,'  analysis  with  different  firms  seems  to  indicate  that  the 
results  derived  in  this  section  would  not  have  been  affected.  However,  the  ordering  of  the  sale  would  have  become  endogenous 
and  a  function  of  the  firms'  characteristics. 

^'When  mentioning  the  privatization  of  the  representative  firm  we  refer  to  the  privatization  of  a  single  firm  with  chiiracteristics, 
ats  described  in  Section  2. 

^'Many  other  rules  are  possible.  The  issue  of  analyzing  the  optimal  sequence  is  beyond  the  scope  of  this  paper. 

■'"In  the  remaining  of  this  section  we  consider  the  case  in  which  the  government's  type  is  drawn  once  at  the  beginning  of  the 
privatization  program. 

This  general  equilibrium  is  just  an  analogue,  in  our  model,  of  the  similar  eqiuUbria  in  the  chain  store  model  with  asymmetric 
information  in  Kreps  and  Wilson  (1982). 
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Proposition  13  Suppose  that  semt-separaiing  equilibria,  satisfying  the  intuitive  criterion,  exist  for  the  pri- 
vatization of  the  representative  firm.  Then,  there  exist  forward  induction  equilibria,  in  the  multiple  firm 
model,  where  the  committed  government  chooses  a'  <  1  until  separation  is  achieved,  and  the  uncommitted 
government  randomizes  between  full  privatization  and  a' .   Moreover,  if 
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separation  is  achieved  with  probability  one,  before  the  end  of  the  privatization  program.. 

Proposition  13  characterizes  situations  in  which  separation  can  be  achieved  at  any  date  during  the 
privatization  program,  because  the  committed  government  follows  a  policy  that  leaves  the  uncommitted 
government  really  indifferent  between  pooling  or  separating  at  any  date  during  the  program.  However,  as 
times  elapses  and  more  firms  are  privatized,  the  cost  of  delaying  interference  by  the  uncommitted  government 
increases  and  eventually  there  is  a  firm  for  which  it  is  better  to  interfere. 

The  previous  proposition  suggests  a  more  general  situation.  Likewise  the  model  in  Section  2,  it  is  possible 
that  the  cost  of  separation  at  the  begmning  of  the  privatization  program  is  so  high  that  the  uncommitted 
government  does  not  take  the  risk  of  being  identified,  and  decides  to  pool  with  the  committed  government 
for  any  choice  of  a.  Under  these  circumstances,  both  types  of  government  will  follow  the  same  policy  for 
the  first  group  of  firms  being  privatized;  afterwards,  the  equilibrium  actions  are  similar  to  those  described 
in  Proposition  13. 

Proposition  14  Suppose  that 

r  >  ( Jl±f}il±lh:il±^)  (P^)  (12) 

\{po  +  p]{p-g)-{r-  g)<ppj  \l  +  gj 

then  m  any  forward  induction  equilibrium  both  types  of  government  will  follow  the  same  policy  for  the  initial 
privatizations.  If  conditions  m  Proposition  13  are  met  at  any  time  during  the  privatization  program,  the 
equilibrium  actions  must  then  allow  for  separation  with  po.sitive  probability  at  any  date. 

The  intuition  behind  Proposition  14  is  clear.  When  the  effect  of  interference  is  very  high  the  uncommitted 
government  wants  to  conceal  its  type  from  the  investors  and  there  is  no  way  for  the  committed  government 
to  successfully  reveal  its  type  through  partial  sales  at  the  beginning  of  the  privatization  program.  However, 
as  more  and  more  firms  are  privatized,  the  relative  costs  and  benefits  of  interference  by  the  uncommitted 
government  change,  increasing  its  incentives  for  interference.  Hence,  at  a  later  stage,  the  uncommitted 
government  randomizes  between  interference  and  no  interference.  Finally,  when  a  significant  number  of 
firms  have  already  been  privatized,  if  the  uncommitted  government  has  not  yet  revealed  its  type,  it  decides 
to  interfere. 

We  can  now  discuss  the  importance  of  the  assumed  evolution  of  the  government's  type.  In  one  case, 
the  government's  type  Wcis  assumed  constant  over  time  and,  in  general,  partial  sales  could  be  observed  in 
the  privatization  of  the  initial  firms  but.  eventually,  separation  could  be  achieved  before  the  end  of  the 
privatization  program.  In  another  case  the  government's  type  was  assumed  to  change  with  the  firm  as  well 
as  with  time  and  the  conclusion  was  that  gradual  sales  might  appear  at  any  moment  in  time,  even  after  some 
firms  had  been  privatized  without  using  partial  sales.  Both  contexts  are  plausible  ones  and  the  question  of 
how  and  in  what  conditions  partial  sales  should  be  used  and  abandoned  in  the  multiple  firm  program  has 
been  addressed.  It  can,  however,  be  presumed  that  the  conclusions  would  somewhat  differ  if  the  government's 
type  followed  a  different  process,  but  we  can  expect  that  partial  sales  would  still  occur  in  equilibrium. 
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5      Conclusions 

This  study  provides  an  explanation  for  two  phenomena  often  observed  in  privatizations:  the  gradual  sale  of 
the  firms'  capital  (usually  in  two  phases)  and  the  underpricing  of  shares.  When  the  private  sector  is  unclear 
about  the  government's  type,  investors  try  to  learn  it  from  the  actions  the  government  takes.  This  provides  an 
opportunity  for  a  committed  government  to  signal  its  intention  of  not  interfering  with  the  private  ownership 
after  the  firm  has  been  privatized.  Gradual  sales  may  induce  a  more  impatient  uncommitted  government  to 
reveal  its  nature,  as  it  does  the  underpricing  of  shares  since  a  greater  discount  reduces  the  cost  of  identity 
disclosure  for  the  uncommitted.  Gradual  sales  and  underpricing  can  thus  be  optimal  signalling  devices  used 
in  equilibrium  by  rational  governments. 

The  model  can  be  extended  in  several  directions.  One  is  ti  analyze  the  optimal  partial  sale  sequence. 
There  might  be  considerable  difficulties  in  doing  it,  however,  given  the  number  of  different  alternatives 
available  and  the  increasing  complexity  of  the  payoff  schedules.  A  less  ambitious  project  but  of  no  less 
interest  is  to  examine  which  firms  should  be  privatized  first,  whether  large  or  small  firms,  monopolies  or 
competitive  firms.  Finally,  the  question  of  why  an  uncommitted  government  decides  to  privatize  deserves 
some  thought,  since  there  is  always  the  possibility  of  retaining  a  sizable  share  in  the  firm  and  combining 
it  with  adequate  managerial  incentives.  Perhaps  time  will  suffice  to  answer  this  and  many  other  related 
questions,  as  more  is  learned  about  the  effects  of  privatizing  and  of  deregulating  the  economy. 
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Appendix 

Proof  of  Proposition  1 

The  game  is  finite,  so  the  subgame  perfect  equilibrium  can  be  computed  solving  the  game  backwards.  In 
the  last  stage  the  government,  depending  on  its  type,  chooses  Af  =  0  and  Ao  =  1.  In  the  first  stage  of 
date  2,  investors  pay  the  value  of  the  firm,  52  =  V'ofa,  1)  if  the  government  is  committed  and  S^  =  V'2(a,0) 
if  the  government  is  uncommitted.  In  the  second  stage  of  period  one,  a  committed  government  does  not 
interfere,  A^  =  0;  because  later  actions  of  the  investors  are  independent  of  current  government's  actions, 
the  uncommitted  government  maximizes  the  current  period  payoff  and  interferes,  Aj'  =  1.  The  situation 
of  investors  at  date  one  is  similar  to  that  at  date  two;  therefore,  they  pay  Si  —  V'i(a,  1)  to  the  committed 
government  and  Si  —  Vi{a,0)  to  the  uncommitted  government.  Considering  the  equilibrium  continuation 
actions  and  equations  (1)  and  (2),  either  government  payoff  is  an  increasing  function  of  q;  therefore,  the 
government  fully  privatizes  the  firm  at  the  date  1,  q'-  =  a^  =  1.  ■ 

Proof  of  Proposition  2 

Let  us  first  prove  the  condition  for  the  existence  of  separating  equilibria.  From  Proposition  1.  in  a  separating 
perfect  Bayesian  equilibrium  the  uncommitted  government  is  required  to  fully  privatize  the  firm  in  the  first 
date,  after  which  it  starts  to  interfere,  i.e.  q''  =  1,  Aj  =  1  and  Ao  =  1  The  committed  government  privatizes 
Q*  at  date  1  (with  a'  <  1),  and  does  not  interfere.  The  investors  will  have  the  strategy  (5i(q|q"  ),  52(q|q")) 
with 

^'('^I"^     =      1    Vi(aA)         ifa<a-  '-^■^' 

Vnia.Q)         if  a  >  a'  or  the  government 
52(a|Q')     =      {  interfered  at  <  =  1  (A.2) 

V2(q,  1)         otherwise  , 

where  the  out  of  equilibrium  actions  are  consistent  with  the  beliefs  that  a  choice  of  q  below  a'  is  made  by 
a  committed  government  and  a  choice  above  is  made  by  an  uncommitted  government. "'- 
Let  a'  be  the  above  strategy  profile.  The  payoff's  are 

f:C(,.)     =     i±^(i_(l_,-)^)  (A.3) 

r-,j     \  ^+PJ 

U^ia-)     =      i±l(i_,)+i±lor  (A.4) 

>•-  g  p  -  y 

U'ia')     =     0.  (A.5) 

The  profile  <r'   is  an  equilibrium  as  long  as  no  player  wants  to  deviate.     It   is  immediate  that  the 
investors  do  not  want  to  deviate.     The  binding  condition  for  the  committed  government  is  U'~'{(t')   > 

t/'^f  (1,0,0),  (1,  1, 1),  (1/1(1,  0),  V2(l,  1))) ,  because  if  it  lowers  a  it  will  lower  the  payoff  and  if  it  increases 
Q  it  will  be  mistakenly  viewed  as  an  uncommitted  government  and  the  highest  payoff  is  achieved  when 
maximizing  the  choice  of  a;  the  condition  can  be  written  as: 

(1+ ga-)  (i-(l- a- )^^>il+g)(l-r)     .  (A.6) 

The  left  hand  side  of  (A.6)  is  increasing  in  a',  and  the  inequality  is  strict  for  q'  =  1.    Let  rS  be  the 
value  of  a'  which  gives  equality  in  (A.6).  Then  in  a  separating  equilibrium  a'  >  of' . 


We  could  have  different  assumptions  about  the  investors  out  of  equiLibrium  beliefs  without  affecting  the  results. 
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The  uncommitted  government,  on  the  other  hand,  may  deviate  to  one  of  two  different  strategies,  each 
requiring  it  to  privatize  a  share  q'  at  date  1.  In  fact,  deviating  to  lower  a  is  dominated  by  one  of  the  above 
deviations  and  deviating  to  q  in  the  interval  (q',1)  is  dominated  by  the  initial  strategy.  After  choosing 
a  =  a*  it  may  decide  to  reveal  its  type  before  or  after  completing  the  privatization.  It  chooses  to  reveal  its 
type  immediately  after  the  sale  of  a'  if 

(l-Q')V2(aM)  <  (l-a-)V'2(Q',0)  +  Q-(l  +  (7a-)</.r  ,  (A. 7) 

which  implies 

a    > ^±^ .  (A.8) 

-  4>(r-g)+l+g 

Let  Q  denote  this  bound,  which  is  always  positive.  Define  a^  as  the  solution  to  the  equality 

Cy'^(<T")  =  C^^((af,0,0),(aV,0,l),(V'i(Q^\l),Vo(a^\l)))  ,  (A.9) 

which  represents  the  value  of  a  giving  indifference  between  full  separation  and  complete  pooling,  when  the 

investors 

equality 


investors  believe  the  government  is  committed  when  they  see  q^  .   Similarly,  let  q^    be  the  solution  to  the 


U 


"{(T-)  =  f^'  ((QV,0,0),(a^''.  1,  1),  (Vi(aV,  1),  I'nlZJ^'.O)))  (A. 10) 

representing  the  value  of  q  which  gives  indifference  between  full  separation  and  deviating  immediately  after 

the  first  privatization,  and  the  investors  believe  the  government  is  committed  when  they  see  oj  .  From  (A. 7), 

(A.9)  and  (A.  10)  it  follows  that  af  =  aV  at  a.   .Moreover  they  both  lie  on  the  same  side  of  a.   If  they  are 

greater  than  q,  oV  <  o^;  if  they  are  lower  than  a,  Oo'  >  of .   Hence,  a'-'  =  minJQ^'.Q^  };  a'-''  is  the  upper 

bound  for  q',  otherwise  the  uncommitted  government  matches  the  choice  of  q' 

Next,  we  prove  that  a''  <  o^.  Use  (A.9)  and  substitute  5^'  for  a''  in  the  rignt  hand  side;  then  subtract 

it  from  the  left  hand  side  to  get 

1+3        f,        l  +  .'/a''^ 
or     1 


P-9        V  1 +P 

/hich  is  positive,  since  ga''  <  p.  Therefore 


and  Q^  >  a"- .  Similarly,  use  (.A. 10)  and  substitute  a^  for  q^  in  the  right  hand  side;  then  subtract  it  from 
the  left  hand  side  to  get 

1  +  ga'^  \  ,,        c  /  1  -  a^ 


+  ','"-      )(l-a^)or+  (  ^—^^(VAa.l)-V^{a.O)] 


^p-  g  l+p    J  V   1  +P 

being  clear  that  both  terms  are  positive.  Therefore, 

U"{(t')  >  C/'^'f(Q<^',0,0),(a'^,l,l),(V'i(Q'^,l),l2(a'^.0) 


and  aV  >  a''     Hence,  a'-^  <  a^ . 

Finally,  in  order  to  ensure  existence  of  a  separating  equilibrium,  it  must  be  that  [a  ,a  ]  fl  [0, 1]  is  non 
empty.  A  necessary  and  sufficient  condition  for  that  to  be  true  is  a'  >  0.  Recall  that  a  >  0,  therefore  we 
only  need  that  a\  >  0.  From  (A.9)  we  know  that  this  is  so  if 

U"i<T')  >  f^^'((0,0,0),(0,0,  l),(V'i(0,l),V2(0,  1)))  (A. 11) 
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which  requires  that 

_  ^      (l+p){l+g)-{l  +  r)     p-g 

^  -  {l+p){p-g]-(r-g)0pl+g  ' 

In  the  unique  separating  equilibrium  that  survives  the  Cho-Kreps  intuitive  criterion  the  committed  gov- 
ernment sells  a^  of  the  firm  at  date  1,  because  the  separating  equilibria  with  lower  values  of  a'  can  only 
be  supported  with  beliefs  that  assign  positive  probability  to  the  uncommitted  government  for  values  of  q  in 
the  interval  (q'.o^),  which  does  not  satisfy  the  intuitive  criterion. 

To  prove  the  second  part  of  the  proposition  it  is  sufficient  to  show  that,  if  separating  equilibria  exist, 
no  other  equilibrium  survives  the  Cho-Kreps  intuitive  criterion.  In  a  nonseparating  equilibrium  there  is 
at  least  one  value  of  a  that  can  be  chosen  by  either  government  with  positive  probability.  Fix  a  non- 
separating  equilibrium  and  let  aji),  ■  ■  •  ,  Q(„)  be  the  values  of  a  that  can  be  chosen  with  positive  proba- 
bility, labeled  in  such  a  way  that  Q(ij  <  •■■  <  a(nV,^^  let  the  equilibrium  strategy  of  the  investors  be 
(5i(a|a(i),  •  •  • .  «(„)).  5'3(»|o(i).  •  ■  •  -^fn)))-  Let  q  be  the  smallest  value  of  a  that  can  be  chosen  with  positive 
probability  by  both  types  of  government.  A  necessary  condition  for  equilibrium  is  that 

r^'((a.0,0).(Q,A^"(5),l),(5i(<5|a,,,,...,a,„,),5o(a|a,n.--.a,^,)))  > 

f^'((d,0,0).(l.l.I).(5,(l|a,,,,---.Q,n,),52(l|aa)---.a(n)))) 

so  that  the  uncommitted  government  does  not  strictly  prefer  to  fully  privatize  the  firm.  .Moreover 

L'''((a.0.Q).(l.l.l),(5i(l|a,„,---.a,„,),52(l|a,,,,---.a,„))))  >  f^V" )  (A.I3) 

because  with  the  strategy  profile  a' .  if  the  firm  is  fully  privatized  at  date  1,  the  uncommitted  government  is 
perfectly  identified,  '^hen  define  Qj  as  the  solution  to 

L''-'((d,0,0),(l,l.l).(5i(l|Q,i,,---.r>f„,),52(l|an,,---,Q,n,)))  = 

[•'■((Q.i,0,0).(Q,.0,l),(5,(l|Q,),52(l|ai)))  (A. 14) 

and  Q2  ^  '■he  solution  to 

r^'((d,0,0),(l,l.l),(5i(l|a,i).--."(n)).-i^2(l|Q(ii,---.a,n,)))  = 

r^'((Q2.U.0).(Q..0.1),(5i(l|Q2).5:(l|a2)))  ■  (A. 15) 

Define  q  =  minla^aj};  from  (A. 9),  (A. 10).  and  (A.13)-( A.IS)  it  follows  that  q  >  q  >  5^'.  Thus  the 
intuitive  criterion  requires  investors  to  assign  probability  one  to  the  committed  government  when  a  <  a  is 
seen,  which  can  not  be  the  case  in  this  equilibrium;  otherwise  the  committed  government  would  prefer  to 
deviate  from  d  to  a  value  slightly  below  d.  Hence  no  nonseparating  equilibrium  survives  the  first  step  of  our 
procedure,  and  the  unique  equilibrium  surviving  it  is  the  separating  equilibrium  where  q'  =  q  '  is  chosen 
by  the  committed  government.  ■ 

Proof  of  Proposition  3 

The  first  step  is  to  characterize  the  structure  of  the  semi-separating  equilibria  of  the  model.  It  is  not  possible 
for  both  types  of  government  to  assign  positive  probability  to  two  different  values  of  a.  say  Qi  and  qo;  the 
uncommitted  government  must  be  indifferent  between  choosing  qi  and  qt,  and  the  committed  government's 
payoff  then  imply  that  the  committed  government  strictly  prefers  the  lowest  value.  Moreover  it  is  not 
possible  that  one  type  assigns  positive  probability  to  more  than  two  values  of  a.    Hence  there  are  only 


^''It  is  easy  to  prove  that  a  finite  set  of  values  of  ii  may  be  chosen. 
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the  following  semi-separating  equilibria:  two  values  of  a  are  chosen  with  positive  probability,  one  by  one 
type  and  the  other  by  both  types.  However,  semi-separating  equilibria  where  the  uncommitted  government 
chooses  oi  and  the  committed  government  randomizes  between  ay  and  ao  (it  must  be  that  Q2  <  Qi)  can 
only  be  supported  if  the  investors  assign  positive  probability  to  the  uncommitted  when  a  value  of  a  shghtly 
above  ao  is  seen,  which  violates  the  Cho-Kreps  intuitive  criterion,  because  the  indifference  of  the  committed 
government  between  ai  and  qt  implies  that  the  uncommitted  government  strictly  prefers  qj.  Therefore  the 
only  semi-separating  equilibria  that  may  survive  the  refinement  have  the  committed  government  choosing 
a'  <  1  and  the  uncommitted  government  randomizing  between  a'  and  a  =  1  (an  equilibrium  choice  of  a 
that  reveals  the  uncommitted  government's  type  must  be  q  =  1). 

Given  a  parameterization  of  the  model  we  may  compute  the  level  of  reputation  Pi(a)  that  must  be 
assigned  to  the  committed  government  if  a  value  a  <  1  is  seen,  to  leave  the  u  icommitted  government 
indifferent  between  matching  a  or  full  privatization  of  the  firm  at  date  1.  Because  the  government's  payoff 
is  increasing  in  a  and  pi,  pi(q)  is  a  decreasing  function;  moreover,  because  separating  equilibria  do  not 
exist  for  pi(0)  <  1.  Hence,  any  q  such  that  pi(a)  >  po  can  be  supported  in  a  semi-separating  equilibrium 
that  survives  the  intuitive  criterion.  The  necessary  and  sufficient  condition  for  the  existence  of  such  semi- 
separating  equilibria  is  thus  po  <  Pi(0)  <  I.  which  can  be  written  as 

l+P)(l  +  3)-(l  +  '-)    \   fp-'j\    ^_  ^   f     (l+p)(I-r.v)-(l  +  --)     \(P-'J\  (^ig) 


^  +  p}(p-  U)  -  {'■  -  'j}opJ  Vl  +  !//  V(Po +  P)(P -!/)-('•- ;/)op/  Vl  +  y 

In  all  these  semi-separating  equilibria,  the  uncommitted  government  gets  the  same  payoff,  which  is  equal 
to  the  payoff  from  full  privatization  at  date  1.  Hence  the  second  step  of  our  refinement,  applied  to  the  semi- 
separating  equilibria  selects  the  one  maximizing  the  committed  government's  payoff,  that  can  be  written 
as 

0'^r(Q-,0,0),(a-,Ar(a"),l),(Vi(Q".Pi(Q").l),Vo(Q-.p2(a-))))  = 

U'^f{a\0.0).{a'.^["('y').l).[v\{a-.p,{a-)A).V2{a-.p.(a')))] 

{l  +  ga'){l+g)  a'     /  ,  ,    .  \ 

(p-g)(].+p)  l+p^  I 

Because  the  payoff  of  the  uncommitted  government  is  constant,  and  lower  proceeds  from  intervention  are 
associated  with  lower  sales  at  date  1,  the  committed  government  ought  to  prefer  delaying  the  privatization 
to  date  2.  i.e.  choosing  q  =  0.  ■ 

Proof  of  Proposition  4 

Pooling  equilibria  always  exist:  to  support  them  it  is  sufficient  that  the  investors  believe  that  the  sales  policy 
does  not  convey  any  information  about  the  government's  type.  Such  beliefs  do  not  satisfy  the  intuitive 
criterion  when  separating  equilibria  exist.  On  the  other  hand,  if  separating  equilibria  do  not  exist,  pooling 
equilibria  satisfying  the  intuitive  criterion  always  exist.  Consider  that  the  conunitted  government  privatizes 
a'  at  date  1,  the  uncommitted  government  privatizes  a'  and  then  follows  the  optimal  policy  of  intervention, 
(A*^   ,  1).  with  the  investors  following  the  strategy  (Si,5o)  with 

{V'i(a,po)         if  a  =  a" 
V'i(0,  1)  ifa  =  0  (A. 17) 

Vi(a,0)  otherwise 

^'2(0.  P2)         if  a  =  a'  and  the  government 

did  not  interfere  at  <  =  1. 
52(a|Q")     =      \    ^'2(0, P2)  if  a  =  0  and  the  government  (A. 18) 

did  not  interfere  at  i  =  1. 
V'2(a.  0)  otherwise  . 
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and 


As  long  as 

t/^((a-,0,0),{Q-.A^'",l),(5,(a-|a-),52(a'|a-)))  > 

f^'((Q-,0,0),(l.l.l).(5i(a-ia-),S2(a-|a-)))  (A.19) 

fy-^'((a-,0,0),(a-,A^'",l),(5,(a-lQ-),52(a-|Q-)))  > 

D-^((Q-,0,0),(0.0.1),(Si(0|Q').52(0|a-)))  (A.20) 

the  given  strategy  profile  is  an  equilibrium  and  it  satisfies  the  intuitive  criterion.  The  non  existence  of 
separating  equilibria  ensures  that  whenever  (A.20)  is  satisfied  (A.19)  will  be  satisfied.  Let  a  be  the  value  of 
a  that  satisfies  (A.20)  with  equality;  then  a'  =  min{Q.  1}  gives  an  upper  bound  for  a.  If 

.  >  ( Jl±f}il±^l^ll±I^]  fP^]   .  (A.21) 

~  \{po  +  p){p - u)  -  ('•  - g}op J  \i  +  9j 

from  Propositions  2-3.  only  pooling  equilibria  survive  the  intuitive  criterion. 

The  second  step  of  the  refinement  applied  to  the  pooling  equilibria  that  survived  the  first  step,  must 
select  the  highest  possible  q,  i.e.  o*.  which  does  not  have  to  be  equal  to  1.  because  either  type  of  government 
increases  the  payoff  with  a  larger  a.  Hence,  either  both  types  of  government  fully  privatize  the  firm  at  date 
I  or  both  types  choose  partial  sales,  giving  the  uncommitted  government  a  payoff  that  makes  it  indiflFerent 
between  partial  sales  and  a  policy  of  delaying  the  privatization,  when  the  investors  think  that  only  the 
committed  government  would  delay  the  privatization.  ■ 

Proof  o.  Proposition  5 

From  the  proof  of  Propositions  3  and  4  we  know  that  in  any  pooling  equihbria  that  survives  the  Cho- 
Kreps  intuitive  criterion,  the  uncommitted  government  has  a  payoff  no  lower  than  the  payoff  from  any  semi- 
separating  equilibrium,  also  surviving  the  intuitive  criterion.  Therefore,  the  second  step  of  refinement  cannot 
rule  out  the  pooling  equilibrium  referred  to  in  Proposition  4.  where  both  governments  choose  q  =  o".  \s  t 
approaches  the  bound  in  (6)  from  above,  the  difference  between  the  payoffs  of  the  uncommitted  government 
in  the  semi-separating  equilibrium  and  in  the  pooling  equilibrium  goes  to  0.  which,  because  the  committed 
government's  choice  of  q  in  the  serm-separating  equilibrium  is  lower  than  in  the  pooling  equilibrium,  implies 
that  the  committed  government  has  a  higher  oayoff  in  the  semi-separating  equilibrium.  Defining  r  as  the 
value  of  T  for  which  the  committed  government  is  indifferent  between  the  two  equilibria,  the  results  of  the 
proposition  immediately  follow.  ■ 

Proof  of  Lemma  1 

From  Proposition  2,  if  p  =  r  separating  equilibria  exist  if  and  only  if  r  <  ,  i^/l^^^,^^, .  This  bound  is 
increasing  in  o.  If  we  let  o  =  1  then  it  becomes  r  <  ^'^  f^'"'  which  is  smaller  than  r.  ■ 

Proof  of  Lemma  2 

Consider  again  the  bound  for  r  in  Proposition  2.  The  numerator  of  the  first  fraction  of  the  bound  is  limited 
from  above,  because 

{\+p){l+g)-{\  +  v)<pi\+g), 

and  the  denominator  is  bounded  from  below,  because 

{i+p){p-9)-(r-g)op>  (l+p)(p-g)  . 
Hence  if  r  >  j^,  a  separating  equilibrium  does  not  exist.  ■ 
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Proof  of  Lemma  3 

The  bound  for  the  existence  of  separating  equilibria  is  derived  directly  from  Proposition  2.  ■ 

Proof  of  Proposition  6 

Define  p^  as  the  level  of  reputation  that  leaves  the  U-type  government  indifferent  between  immediate  reve- 
lation after  the  saJe  of  q'  and  complete  pooling  throughout  the  privatization.  Then  p2  solves  the  equation 

(1  -a')(V2(a'.p2)-  VMa'.O))  =  q"(1  +  ga')<pT 

giving 

a'd{r-g) 
P2  - 


:i-a')(l+g) 

Let  Ai  be  given  by 

>  P2  -  Pi 

Ai  = 


P2(l  -  Pi) 

which  is  consistent  with  Bayes  rule  for  values  of  po  between  pi  and  1.   Then  the  probability  of  separation 
before  the  privatization  is  completed  is 

(    0         if  Ai  <0 
A^'  =  I    A.         if  Ai  G  [0,1] 
I     1  if  A,  >  1 

It  is  immediate  that  A,'   is  nondecreasing  with  Ai,  therefore  all  the  results  follow  directly   "rom  the 
derivatives  of  Ai  on  the  parameters: 


dXi 

= 

1        p. 

da- 

a(l  -q)p2(I  -Pi) 

dXi 

= 

Pi 

dip 

CP2il  -Pi) 

d'Xi 

dr 

= 

0 

d\i 

= 

I-P2 

dpi 

P2(l  -Pl) 

5A, 

= 

(l  +  '-)pi 

dg 

('•-;7)P2(l  -Pij 

Proof  of  Proposition  7 

Consider  p^  as  defined  in  the  proof  of  Proposition  6.  Let  pi  be  defined  in  a  similar  way,  i.e.  pi  is  the  level  of 
reputation  that  leaves  the  uncommitted  government  indifferent  between  revelation  at  the  date  0  or  pooling 
on  the  choice  of  q',  following  the  optimal  policy  thereafter.  Then  let  Aq  be  given  by 

Ao  =  -^^^^  .  (A.22) 

Pi(l  -Po) 

Given  that  the  optimal  continuation  strategy  depends  on  the  value  of  po  we  introduce  an  algorithm  for  the 
construction  of  pi  and  Ao.  For  the  purpose  of  the  algorithm  let  po  =  po. 
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1.  if  P2  <  1  go  to  2;  otherwise  X'{  =  1  and  let  pi  be  defined  by 

r      „ 

2.  if  P2  <  Po  go  to  3;  otherwise  assume  that  the  optimal  choice  is  A^  G  (0,  1).  Then  we  can  define  pi  by 

1  +  ?/,         ^  ,1  +  3 


±^(1  _  r)  +  i±l,pr  =  <:^^((a-,0,0),(aM.  1),  ( V'i(a- ,  pi),  Ula'.O)))  .  (A.23) 

-  3  P- 9  ^  ' 


jtl(l_r)+-^-^C.r  =  t'^f(a'.0.0),(Q-,0,  l).(ri(a-,pi),r2(Q',p2)))  (A.24) 

-3  9-  <}  ^  ' 


with 


,  P2  -  Pi 

\\   - 


(a)  if  pi  >  p2,  go  to  3. 

(b)  if  pi  <  Po  redefine  A]  as 


P2(l  -Pi) 


.  P2  -  PO 


P2(l  -  Po) 


3.  define  p\  by 

r- g  p- g 


i^(l-r)+  ^^or  =  f'^'('(Q-,0,0).(a-,0,l),(ri(Q-,p,),r2(a-.pi)))  .  (A.25) 

-g  p-  g  \  J 

The  value  pi  constructed  in  this  way.  induces  a  Ao.  through  (A. 22)  that  allow  us  to  get  Aq  by 


0 

if  Ao  <  0 

Ao 

ifAoe[0,l]     . 

1 

if  Ao  >  1 

Ao  = 

Noting  that  Ao  is  a  nondecreasing  function  of  Ao,  the  comparative  static  results  for  Aq  can  be  obtained 
directly  from  comparative  static  for  Ao,  which  are  similar  to  the  analysis  in  Proposition  6.  ■ 

Proof  of  Proposition  8 

From  equation  ( 10)  we  conclude  that  the  offer  for  sale  price  needed  to  induce  separation  when  the  firmjs 
fully  privatized  at  date  1  is  5  =  ( 1  —  r)Vi{l,  1).  For  some  parametenzations  of  the  model,  the  locus  (a, 5) 
implicitly  defined  by  (10)  may  be  upward  sloping.  Hence  the  sufficient  condition  t  <  U'-  ■ 

Proof  of  Proposition  9 

First  note  that  if  partial  sales  are  sufficient  to  ensure  separation  when  the  committed  government  chooses 
a  =  a'  to  be  privatized  at  date  1.  the  use  of  underpricing  cannot  help  it  in  choices  a  <  a' .  Hence  we  only 
consider  the  values  a  >  a' .  When  a  separating  equilibrium  exists,  the  equilibrium  strategies  satisfy 


C/^((a', 0,0),(1, I, l),(5i(l|a'),52(l|a-; 

<7'^((Q'.0,0),(Q'.A^,l),(5i(Q-|Q'),52(a"|Q")))  .  (A.26) 

Similarly  the  locus  (q,5(q))  surviving  the  Cho-Kreps  intuitive  criterion,  satisfies  the  condition  that  the  un- 
committed government  is  indifl"erent  between  deviating  and  fully  privatizing  the  firm  at  date  1  and  matching 
the  date  0  decision  of  the  committed  government 

t/''''((Q,5(a),0,0).(l,l.l),(5i,52))  = 

f/'-'((Q,5(c»),0.U),(Q.5i(a),A^'(Q).l),(5i,52))  ,  (A. 27) 
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where  A^()  is  the  equihbrium  probability  of  interference  at  date  1  as  given  in  the  proof  of  Proposition  2. 
The  payoff  in  (A. 26)  can  be  written  as 

t^'^((a',0.0),(l,l.l),(5i(a'|a-),52(a-|a-)))  +  ^i^^|^or 
\  /         p  -  3     1  +  p 

1  +  p 


(A.28) 


and  the  payoff  in  (A. 27)  can  be  written  as 

I  +  ga  I  +  g 


CA'^((a,5(a),0,0),(l,l,l),(5i,S2))  +  — ^T— ^<? 
V  /         p  -  g    1  +  p 


T 
P 


+  - {V(a,0)  +  {[  +  ga)or  -  V{aA))\\  (a)  . 

1  +  p 

(A. 29) 

From  (A. 26)  and  (A. 27)  we  conclude  that  expressions  (A.28)  and  (A. 29)  must  be  equal.  Because  a 
in  (A. 29)  is  greater  than  a"  in  (A.28),  and  the  terms  added  to  6'*'()  are  increasing  in  a  and  a'  respectively, 
we  conclude  that 

t/^((a-,0,0),(l,l,l),(5i(Q-|a-),5:(Q-iQ")))  >  C'^  ((q, 5(q), 0. 0),  (1,  1,  1), (5i,  So))  (A.30) 

and  the  committed  government  should  not  use  underpncing.  ■ 

Proof  of  Proposition  10 

The  fact  that  underpricing  will  allow  the  committed  government  to  achieve  separation  is  an  immediate 
consequence  of  Proposition  8.  To  prove  that  partial  sales  will  be  used  in_equilibrium  we  prove  that  when  a 
separating  equilibrium  without  underpncmg  does  not  e.xist,  the  locus  (a.S)  defined  implicitly  by  (10)  slopes 
upwards  in  a  neighborhood  of  q  =  0.  Start  from  equation  (10).  and  because  in  a  neighborhood  of  q  =  0, 
A,'  =  0,  we  can  write 

l+^M         ^          c^l-"/^,^         ,    {l+ga)il+g)\    ,    (l  +  ga)(l+g)_ 
{I  -  t)  =  ab  + [l+gQ-\ +71 TT. r'^^  ■ 


r-g'  '  1  +  pV  '•-9  J         (l+P)('--3) 

From  this  e.xpression  we  can  compute  the  limit  of  the  discount  per  share  as  q  goes  to  0, 

^^(a.D-SM        (l  +  r)  +  (l  +  g)oT 


am  <  a 


a  — 0   1         V        ^  li*^'  U        /  J  1  +  P 


-(l  +  y)(l-^).  (A.31) 


The  right  hand  side  is  negative,  because  there  does  not  exist  a  separating  equilibrium  without  underpric- 
ing. Therefore  S  goes  to  +'0o.  Hence,  by  continuity,  there  must  exist  a  value  a',  bounded  away  from  zero, 

such  that  _ 

V,ia'.l)-S 


V"i(qM) 


=  w 


In  equilibrium  the  committed  government  sells  a"  at  date  1.  at  price  5  =  (1  -  i^')V'i(a,  1).  On  the  other 
hand,  the  uncommitted  government  fully  privatizes  the  firm  at  date  1.  ■ 
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Proof  of  Proposition  11 

Because  the  government's  type  is  independent  of  its  previous  and  future  types,  the  privatization  of  any  firm 
is  formally  analogous  to  the  privatization  of  the  representative  firm.  Hence,  the  equilibrium  in  the  multiple 
firm  model  is  given  by  the  repetition  of  the  equilibrium  in  the  representative  firm  model.  The  possibility  of 
having  partial  sales  in  equilibrium  depends  on  its  presence  in  the  equilibrium  of  the  representative  firm.  If 
partial  sales  appear  as  an  equilibrium  action  in  the  representative  firm  model,  particd  sales  may  be  seen  in 
the  privatization  of  any  firm;  otherwise,  if  partial  sales  are  not  an  equilibrium  action  in  the  representative 
firm  model,  they  will  not  be  seen  in  the  privatization  of  any  firm.  ■ 

Proof  of  Proposition  12 

The  proof  is  based  on  the  backward  resolution  of  the  model. 

Consider  the  privatization  of  the  last  firm,  firm  1.  If  separation  has  been  achieved  before,  the  first 
best  policy,  characterized  in  Proposition  1,  can  be  followed;  otherwise,  the  committed  government  ensures 
separation  through  partial  sales  by  selling  a"  while  the  uncommitted  government  fully  privatizes  firm  1.  To 
prove  that  this  is  the  equilibrium  action  for  firm  1  we  follow  a  process  analogous  to  the  proof  of  Proposition  2. 
First  aj  must  satisfy 

{l  +  ga\)fl-(l-al)^^]  >(l+y)(l_r)  .  (A..32) 

The  left  hand  side  of  (A. 32)  is  increasing  in  a',  and  the  inequality  is  strict  for  a[  =  1.  Let  of  be  the 
value  of  a'  which  gives  equality  in  (A. 32).  Then  for  qJ  to  be  an  equilibrium  action  a\  >  n_\  . 

The  uncommitted  government  may  deviate  to  one  of  two  different  strategies.  Each  requires  it  to  privatize 
a  share  qJ  at  date  2iV  —  1.  In  fact,  deviating  to  lower  ai  is  dominated  by  one  of  the  above  deviations  and 
deviating  to  qi  in  the  interval  (q".1)  is  dominated  by  the  initial  action  Qi  =  1;  after  choosing  Qi  =  a" 
it  may  decide  to  reveal  its  type  before  or  after  completing  the  privatization.  It  chooses  to  reveal  its  type 
immediately  after  the  sale  of  q'  if 


(1  -  a-)V'.(Q;,  1)  <  (1  -  «;)V2(aI,0)  +  U\{1+  ga\)  +  Yi',=J^  +  'J'^'^^'^  +  3^'"  J  '^^  •  ('^■33) 

which  implies  that 

-:> Vi+^^ .,3 

Let  di  be  the  value  of  q"  which  gives  equality  in  (A. 34).  Define  a\^  as  the  solution  to  the  equality 

D'^(<T'|l)  =  [-^'((Q^;,0,0),(Q^;,0.1),(V''i(a^i,l),ro(Q^';,l))|l)  ,  (A.35) 

which  represents  the  value  of  qj  giving  indifference  between  separation  at  date  2 A'  —  1  and  complete  pooling, 
when  by  observing  qh  the  investors  believe  the  government  is  committed.  Similarly,  let  o^-,  be  the  solution 
to  the  equality 

U'^{(T'\l)  =  l'^((af2,0,0),(Qt2.1.n,(V'i(Qio,l),l2(Qi'2.0))|l)  (A.36) 

representing  the  value  of  qi  which  gives  indifference  between  separation  at  date  2\  —  1  and  separation  at 
date  2:V  when  by  observing  Q12  the  investors  believe  the  government  is  committed.  From  (A. 33),  (A.35) 
and  (A.36)  it  follows  that  a\\  =  o^'t  at  ai .  Moreover  they  both  lie  on  the  same  side  of  di .  If  they  are  greater 
than  d],  q^t  <  o^j;  if  they  are  lower  than  qi,  ajo  >  q\\.  Hence,  a\  =  minJQ^i  .o^,}-  ^'  'S  the  upper 
bound  for  qJ,  since  otherwise  the  uncommitted  government  matches  the  committed  government's  choice  of 
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Next,  we  prove  that  of  <  o^.  First  we  write  (A. 35)  as 
t/'^((l,0,0),(l,l,l),(Ki(l,0),^,(l,l))|l) 

\^i=2  p-g  P-gJ      ^ 

t/'^((aVi,0,0),(QVi.O,l),(Vi(Q^;,l),Vb(ati,l))|l) 

^  fy^'     (l+gQ.)(l  +  g)--'(l+p)  ^  (l+gQf)(l+g) 
l,2^,=2  0-a  (l+P)(p-y) 


P-9 


i-r, 


substitute  ar^i  for  aj    in  the  right  hand  side;  then  subtract  it  from  the  left  hand  side  to  get 


H., 


.V      (l+3Q,)(l  +  ^)--3(l  +  p,    i  ^_(^+0 


p-g 


l  +  P 


+  .±1  (  1         \+J3^ 


1+p 


which  is  positive.  Therefore  a\i  >  a. 

Similarly,  use  (A. 36)  and  substitute  ofn  for  of  in  the  right  hand  side:  then  subtract  it  from  the  left  hand 
side  to  get 


2--,=2  p-g  V         1+P 


+ 


^4-iif^)(l-af 


1  -  a'-" 
1  +  p 


being  clear  that  both  terms  are  positive.  Therefore.  Q\n  >  of.  Hence,  a^^  <  a^  . 

Finally,  in  order  to  ensure  e.xistence  of  this  separating  action,  it  must  be  that  [af  ,q,  ]  H  [0,  1]  is  non 
empty.  A  necessary  and  sufficient  condition  for  that  is  ci\\  >  0,  which  requires  that 


U^'{a'\\)  >  C^' ((0.0.0), (0,0. 1),  (ri(0, 1),  l2(0,  1))|1 


(A.37 


implying  that 


T  < 


p-g 


{l+P){l+g)-{l  +  r) 


V 


1  +  P)(p  -  y)  -  ('•  -  g)0  (p  + 11,^,(1  +  i}^',)i^  +  i/)""^^(2  +  P  +  g)]  j 


(AM) 


This  condition  is  satisfied,  because  of  the  assumption  that  a  separating  equilibrium  for  the  privatization  of 
the  representative  firm  exists  and  because  of  Proposition  2. 

Consequently,  if  separation  has  not  been  achieved  before,  the  equilibrium  strategy  requires  the  committed 
government  to  privatize  aj  of  firm  1  at  date  2,V  —  1,  while  the  uncommitted  government  fully  privatizes  the 
firm. 

Moving  back  to  date  2A'^  —  2,  right  after  the  privatization  of  firm  2,  it  must  be  that  the  uncommitted 
government  interferes:  no  interference  will  gain  it  nothing  since  it  will  for  sure  be  identified  at  date  2N  —  1 
and  will  forego  the  proceeds  from  interference  in  the  previous  period. 

Consider  now  the  privatization  of  firm  i.  If  separation  has  been  achieved  before,  the  first  best  policy, 
characterized  in  Proposition  1.  can  be  followed:  otherwise,  if  separation  has  not  been  achieved  before  date 
2(jV  —  i),  as  the  induction  hypothesis,  we  assume  that  the  continuation  equilibrium  strategy  requires  the 
uncommitted  government  to  separate  at  date  2(.V  —  /  +  1).     Thus,   the  committed  government  ensures 
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separation  through  partial  sales,  selling  q'  while  the  uncommitted  government  fully  privatizes  firm  i.    To 
prove  that  this  is  the  equilibrium  action  for  firm  i  it  is  sufficient  to  follow  the  above  steps  for  firm  1,  to  get 


/ 


T  < 


p-g 


-  \l  +  9 


\ 


l  +  p)(l+!;)-(l  +  r) 


V^ 


(l  +  p)(p-<;)-(r-3)0U+^^_^^(l+gQ;){l  +  y)-<-^'+'(2  +  p+g)j^ 


(A.39) 


as  the  necessary  and  sufficient  condition  for  separation  to  be  an  equilibrium  outcome  in  the  privatization 
of  firm  J.  This  condition  is  satisfied,  because  of  the  assumption  that  a  separating  equilibrium  for  the 
privatization  of  the  representative  firm  exists  and  because  of  Proposition  (2).  Consequently,  if  separation 
was  not  achieved  before,  the  equilibrium  strategy  requires  the  committed  government  to  privatize  a,'  of  firm 
i  at  date  2{N  —  i)  +  \,  while  the  uncommitted  government  fully  privatizes  the  firm. 

We  can  then  conclude  that,  in  equilibrium,  there  will  be  separation  for  firm  .V,  at  date  1,  with  the  commit- 
ted government  using  partial  sales  and  the  uncommitted  government  fully  privatizing  the  firm.  Afterwards, 
each  government  fully  privatizes  all  remaining  firms.  ■ 

Proof  of  Proposition  13 

The  proof  follows  from  the  proofs  of  Propositions  2-4  and  12.  If  .separation  is  not  possible  in  the  privatization 
of  the  representative  firm,  then  separation  is  not  obtained  in  the  privatization  of  firm  .V,  and  partial  sales 
may  be  used  in  equilibrium  for  the  privatization  of  the  first  group  of  firms.  However,  if  condition  11  is 
satisfied  there  will  be  separation  at  least  for  the  last  firm.  ■ 

Proof  of  Proposition  14 

The  proposition  follows  directly  from  Propositions  4,  12  and  13.  ■ 


27 


References 

Allen, F.  and  G.FaULHABER  (1989),  "Signaling  by  Underpricing  in  tiie  IPO  Market,"  Journal  of  Financial 
Economics,  23,  303-323. 

Beatty.R.  and  J.Rytter  (1986),   "Investment  Banking,  Reputation,  and  the  Underpricing  of  Initieil 
Public  Offerings,"  Journal  of  Financial  Economics,  15,  213-232. 

Branco,F.  and  A.Mello  (1989),  "Privatization  Plans  and  Government  Credibility,"  Mimeo. 

Cho,I.  (1987),  "A  Refinement  of  Sequential  Equilibrium,"  Econometnca,  55,  1367-1389. 

Cho,I.  and  D.Kreps  (1987),  "Signaling  Games  and  Stable  Equilibria,"  Quarterly  Journal  of  Economics, 
102,  179-221. 

Grinblatt.M.  and  C.Hwang  (1989),  "Signalling  and  the  Pricing  of  New  Issues,"  The  Journal  of  Finance, 
44,  393-420. 

.Jenkinson.T.    and    C.Mayer  (1987),    "New  Issues  and  Privatisations,"  Mimeo. 

Jenkinson.T.   and   C.Mayer  (1988),    "The  Privatization  Process  in   France  and  the  U.K.,"    European 
Economic  Review,  32.  482-490. 

Kohlberg.E.  and  .I.F.Mertens  (1986),  "On  the  Strategic  Stability  of  Equilibria."   Econometnca,  54, 
1003-1038. 

Kreps.D.  and  R. Wilson  (1982),  "Reputation  and  Imperfect  Information,"  Journal  of  Economic  Theory, 
27,  253-279. 

Kreps,D.  and  R.Wilson  (1983),  "Sequential  Equilibrium."  Econometnca.  51,  1799-1819. 

Mayer, C.  and  S.Meadovvcroft  (1985),  "Selling  Public  Assets:  Techniques  and  Financial  Implications," 
Fiscal  Studies.  6(4),  42-56. 

Perotti.E.  (1990),  "Lack  of  Commitment  and  Strategic  Behavior:  Four  Essays  in  Financial  Economics," 
unpublished  PhD  Thesis.  Sloan  School  of  Management. 

R0CK,K.  (1986),  "Why  New  Issues  are  Underpriced,"  Journal  of  Financial  Economics,  15,  187-212. 

VlCKERS,J.  and  G. Yarrow  (1988),  "Privatization:  An  Economic  Analysis,"  (Cambridge:  MIT  Press). 

Walters, A.  (1988),   "Privatization  m  Britain:    Comment,"   in  P.MacAvoy,  W.Stanburg,  G. Yarrow  and 
R.Zeckhauser,  Privatization  and  State-Owned  Enterpnses  (Norwell:  Kluwer  Academics) 

Welch, I.  (1989),  "Seasoned  Offerings,  Imitation  Costs,  and  the  Underpricing  of  Initial  Public  Offerings," 
The  Journal  of  Finance.  44,  421-449. 


28 


S599 

\ 


106 


NOV  1  i  Z003 

Date  Due 


SEP.  2 1  mi 

DEO  0  3  2003 


Lib-26-67 


MIT    LIBRARIES 


lllllliill'TITITTIl 

3  TDflQ  DObbbSTS  1. 


